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@ Novel plant vectors. 

@ The invention relates to novel plant ptasmid vectors 
comprising geminivims DNA or a portion thereof having 
Inserted therein a heterologous DNA sequence or gene, to 
processes and DNA Intennediates useful m producing ^d 
vectors and to methods utilizing such vectors to replicate and 
express heterologous DNA sequences or genes in plants. In 
some embodfments. methods and compositions are provided 
for Ti plasmtd delivery of these novel vectors Into plants. In 
omer emt>odfments. methods and compositions are provided 
which aBow for the generation of geminivirus DNA containing 
plant plasmids In staWy transformed plants. In stffl other 
embodlmcnis. methods and composftfons are provided for 
repBcattng and expressing heterologous DNA sequences or 
genes in plants employing the gemir^Ams DNA containing 
vectors of ttie present invention without causing disease 
eyrt^toms. 



Bundesdrucherei B«rfcn 



0 221 044 

Description 

NOVEL PlAm VECTORS 



Technical Field 

5 The present invention is directed to novel vectors which are or can give rise to plant plasmids, THIS 
PARAGRAPH COULD NOT BE READ IN FROM DISK these vectors. In one important embodiment, 
geminivirus DNA is modified so as to create autonomously replii::ating DNA molecules capable of 
simultaneously replicating heterologous DNA sequences in plants. 

10 Background of the Invention 

Advances in recombinant DNA technology and genetic engineering have provided a means for producing in 
fc»acteria specific proteins of commercial and economic importance. In many instances, the specific proteins 
sought to be produced in bacteria are of eucaryotic origin. In:the course of developing such bacteriai host 
factories for eucaryotic protein production, it has become increasingly evident that bacteria ans unable to 

75 consistently provide the post-tran^ational modifications such as proper protein folding, glycosylatlon and the 
like required for functional eucaryotic protein production. If is. therefore, desirable to develop eucaryotic celt 
systems which can provide these post-translattonal modifications and thus become efficient factories for 
functional and/or antigenically homologous eucaryotic protein production. 
A key element in the genetic engineering of both eucaryotic arKf procaryotic cells to effect heterologous 

20 protein production Is the development of defined vectors or host-vector systems. 'Vectors* or "vector 
systems' are herein defined as nucleic acid (e.g. DNA and/or RNA) molecules capable of providing for the 
replication of a desired {e.g. heterologous) nucleic acid sequence or sequences in a host cell. 'Host-vector* 
systems are herein understood to mean host cells capable of accepting a given vector molecule into its 
genome. The term 'genome' is herein defined as including any and ail DNA, e.g. chromosomal arnl episomal. 

25 contained within a given host cell or virus partk^le. A 'gene* is herein defined as comprising all the DNA 
required for expression of a DNA sequence e.g. production of the proteui or fragment thereof encoded In the 
gene. 

While numerous vector systems have been developed for procaryotk; hosts and for such eucaryotic hosts 
as yeast and various mammalian cell lines, few such systems have been described for plants. The term 'plant' 

30 shall include whole plants, plant parts and individual plant cells unless othenwise specified. Enhanced or de 
novo protein production in plant hosts may be desirable due to the lower cost of plant cell culture systems as 
compared to mammalian cell culture systems and for increased production of plant secondary products. Plant 
secondary products can include such medically important plant products as shlkonln. digitalis, vinblastine and 
vincristine. By means of genetic engineering, the production of such plant secondary products may be 

35 increased by providing and/or amplifying the rate limiting enzymes in such product production and/or by 
increasing the number of copies per cell of a gene coding for such enzymes. 

To date, only two vector systems have been described which allow for the introduction of a given gene in 
higher plants to effect desired protein production. The first system employs a tumor inducing (Ti) plasmid or 
portion thereof found in the bacterium Agrobacterium . A portion of the Ti plasmid is transferred from the 

^ bacterium to plant cells when Agrobacterium infects plants and produces a crown gall tumor. This transferred 
DNA is hereinafter referred to as 'transfer DNA' (T-DNA). The transfer DNA integrates into the plant 
chromosomal DNA and can be shown to express the genes carried in the transferred DNA under appropriate 
conditions, it has further been shown that whole plants regenerated from a single plant cell transformed with a 
transfer DNA carry the integrated DNA in all cells. These ceils, however, generally carry only one to to 5 copies 

^ of the transfer DNA and are thus limited in the amount of transfer DNA gene products which may t>e produced 
in the transformed plant cells. It is believed that by introducing multiple copies of a given DNA sequence or 
gene, greater levels of desired protein production may be achieved. Thus, it is desirable to develop a means for 
introducing or inducing more than about 5 copies of a given gene per host cell to effect increases in 
gene-specific products. 

^ The second vector system employs cauliflower mosaic virus (CaMV) DNA as a vector for introduction of 
desired DNA sequences into plant cells. CaMV is a member of the caulimovirus group and contains a 
double-stranded DNA genome. To date, the CaMV system has only been applied to whole plants and requires 
infectious virus production. Thus the CaMV vector system is limited by three important factors. The first is host 
range, the second is a limitation on the size of the desired DNA sequences which may be carried in the CaMV 

^ DNA vectors and the third is resultant disease caused by the introductk>n of whole virus DNA. The resultant 
disease associated with the currently applied CaMV vector systems prevents its potential use in the stable 
transformation of wfK>le plants to effect such improvements as increased plant resistance to herbicides, 
resistance to other disease factors, increased protein production, increased crop yiekS and the like. 
Furthermore, infection of whole plants requires that the CaMV DNA retain the necessary viral functions for 

^ infectivity. replication, movement throughout the whole plant and packaging into infectious virus particles. 
Thus, the maximum size of a desired DNA sequence which may be carried in CaMV DNA vectors has thus far 
been limited to 240 t>ase pairs (bp), only enough DNA to encode a small peptide. A further limitation of the 
CaMV vector system is that the heterologous or foreign DNA so introduced is not seed transmitted. 
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Recently a new technique for introduction of desired (e.g. heterologous) DNA sequences into a given host 
has been developed. This technique is called electroporation. Presently, however, this technique is limited bv a 
low frequency of introduction and. in plants, is only operable in protoplasts and hence cannot be practicallY 
employed to engineer plants where regeneration of whole plants from protoplasts is not possible 

It IS. therefore, desirable to develop a plant vector system that is capable of carrying both sman and larqe s 
(e.g. greater than 250bp) heterologous DNA sequences or genes, able to generate a high copy number of 
introduced DNA sequences, and exhibits a broad host range. 

To date, only one other group of plant viruses has been identified which contains a DNA rather than RNA 
genome. This group comprises the gcmlniviruses. Geminiviruses are plant viruses characterized bv 
dumbbett-shaped twinned icosahedral particles (seen by electron micrograph). Some geminiviruses comprise w 
two distinct circular single-stranded (ss) DNA genomes. Examples of such two genome or binarv 
geminiviruses include tomato golden mosaic virus (TGMV) which has an "A" DNA and a 'B" DNA HamiHnn 
(1981. 1982. 1983. and 1984); Stein (1983); and BIsaro (1982). and Cassava latent virus (CLV) which has a "v 
DNA and a 'r DNA (Stanley and Gay. 1983). Other geminiviruses such as maize streak virus (MSV) are 
believed to have single circular ssDNA genome; Donson (1984). Typically, two genome (binary) geminiviruses ts 
are transmitted by white flies, while single genome geminiviruses are transmitted by leaf hoppers As a orouo 
geminiviruses infect both monocotytedonous and dicotyledonous plants and thus exhibit a broad host ranoe 

All geminivirus particles carry circular ssDNA. In infected plant cells, geminivinjs DNA sequences have been 
detected as both ss and double-stranded (ds) DNA. in predominately circular form. In infected plants such 
sequences exist in the plant cell nuclei, apparently as episomes. at several hundred copies per nuclei Thus ^ 
unlike the transfer DNA (T-DNA) derived from the Ti plasmids of Agrobacterium . these geminMr^s Om 
sequences are. not integrated into plant chromosomal DNA and generate multiple copies (e g more than 5) 
per infected cell. In infected plants, geminivirus particles released by an infected cell can infect other cells 
throughout the plant. In the two genome geminivirus systems such as TGMV. infectivity replication and 
movement throughout the whole plant has thus far been shown to require the presence of both the A and B 25 
components. Other than reports that the two DNA genomes of binary geminiviruses are simultaneously 
required for complete and systemic infection of binary geminiviruses in whole plants, the precise mode of and 
requirements for geminivirus DNA repTication itself in plants or plant cells has not clearly been elucidated 

Scientists have speculated about the possibility of using geminiviruses to create episomal DNA molecules 
which function as plasmids in plant cells (Buck, 1983). A "plasmkl- is herein defined as an episomal DNA 30 
molecule capable of autonomous repHcation in a host cell. 

In order for geminivirus DNA to be useful as a vector in plants, the DNA must be capable of autonomous 
replication in plants, be able to generate a high copy number in plants, be able to have inserted therein a 
heterologous DNA sequence or gene, be able to simultaneously replicate itself and the inserted gene or DNA 
sequence m plant cells, preferably, contain a marker for positive identification and/or selection of plants 
transformed with the vector, and. kteafly. not cause disease symptoms. No one has heretofore taught how to 
modify geminrvirus genomes so as to alk)W them to function in the foregoing manner 

The term "heterologous'' as appfied to a nucleic acid (e.g. DNA or RNA) sequence (molecule) or qene 
means a nucleic acid sequence or gene, respectively, at least a portion of which contains a nucleic acid 
sequence not naturally contained within a geminivirus genome. The term 'heterologous- as applied to a 40 
protein means a protein at least a portion of vjrhich contains a protein sequence not naturally encoded bv a 
geminivirus gerK>me. ' 

Summary of the Invention 

The present invention provides plant plasmids comprising a heterologous DNA sequence and a segment of 45 
a coat protein-encoding geminivirus DNA which permits autonomous replicatk>n of the plant ptasmid in a plant 
cell. In one preferred embodiment, the segment of a coat protein^ncoding geminivinjs DNA is selected from a 
binary (two genome) geminivirus and the heterologous DNA sequence is inserted into the geminivirus coat 
protein gene. 

In another embodiment, plant vectors able to produce i^asmid DNA in a plant cett are provided Such SO 
vectors compose a heterologous ONA sequence and a segment of a coat protein^ncoding geminivirus DNA 
whKh permrts autonomous replication of plasmid DNA in a plant cell. In one preferred embodiment the plant 
vector comprises a first DNA segment containing a heterologous DNA sequence and a segment of a cMt 
?'^;^j;^^;aett«tmrus DNA which permits autonomous replication of a plasmid DNA in a plant cell and 
jn which the first DNA segment is flanked by a second DNA segment which permits release of a plant plasmid 55 
from the plant vector. ^ 

In still another embodiment, methods and compositions for creating the plant plasmids and plant vectors of 
the present invention are provided. ^ >- r- i tTcv^imaui 

In yet another embodiment, methods and compositions for producing a desired (e.g. heterologous) 
polypeptide in plants are provided. * "wmrwioguusi 

In still a further embodiment, methods and compositions for creating genetk^aily transformed plants able to 
produce a desired polypeptide in enhanced amounts are provided. k lu 
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Brief Description of the Drawings 

In the following diagramatic representations, the directional arrows represent the 5' to 3' orientation of the 
coding sequences. Onry relevant restriction endonuclease sites are shown. The DNA regions so marked are 
for diagrammatic purposes only and are not drawn to scale. Antibiotic resistance genes for ampidflin. 
5 chloramphenicol and spectinomycin are abbreviated Apr. Cmr, and Spcr, respectively, and are shown where 
relevant. The squiggly lines represent relevant restriction endonuclease sites, as labeled, which have been 
removed. Where relevant, the approximate size of a plasmid or DNA fragment is given in ktlobases (kb). 

FIG. 1 depicts the TGMV-A and -B components. The hatched box represents the TGMV common 
region and the blackened box inside the common region represents the Wghly consented oeminrvirus 
10 DNA sequence. 

FIG. 2A depicts the construction of pMON305 comprising pMON200 having inserted therein at the 
EcoRI restriction endonuclease site tandem copies of TGMV-A DNA. The TGMV-A DNA is represented by 
the blackened area. 

FIG. 2B depicts the construction of pMON308 and pMON309 comprising pMON200 having inserted 
15 therein at the Clal restriction endonuclease site three or four copies of TGMV-B DNA. respectively The 

blackened area represents TGMV-B DNA. 

FIG. 3 depicts the construction of pMON349 carrying TGMV-A DNA in which the common regton has 
been deleted, and constniction of pMON350 carrying TGMV^B DNA in whfch the common region has 
been deleted. 

20 FIG. 4 depicts the construction of pMON505. a binary Ti plasmW vector, from pMON200. a.cointegrate 

Ti plasmkj vector. "NRB", shown as a blackened trlan^e denotes the nopaline T-DNA right border. RK2 
shown as a blackened area denotes a bacterial origin of replication and origin for conjugatlonal transfer 
wherein "oriT" denotes the origin of transfer and "oriV" denotes the origin of repiicatton. The outset 
depicts the unique restriction endonuclease cleavage sites contained within pMON505 at the designated 

^ site. Spc/StrR denotes a spectinomycin/streptomycin resistance gene. 

FIG. 5 depicts the construction of pMON344 comprising a pUC18 plasmid having inserted therein at the 
Hind III site the 2.6 kb Seal fragment isolated from pMON305. The hatched box denotes the TGMV 
common region. 

FIG. 6 depicts the construction of pMON352 which carries a dimer of TGMV-A DNA as directly 
30 repeating DNA sequences. TGMV-A DNA sequences are shown as blackened areas and the hatched box 

denotes the TGMV common region. 

FIG. 7 depicts pMON352 wherein the relevant DNA coding sequences are identified as labeled thereon. 

FIG. 8 depicts the construction of pMON360 from pMON352. The blackened line denotes TGMV-^ DNA 
sequences, the hatched box denotes the TGMV common region and the stippled fine denotes the 
35 kanamycin resistance gene (NOS-NPTir-NOS). 

FIG. 9 depicts the construction of pMON371 which comprises a pUCS plasmid modified to contain a 
unique Bglll restriction endonuclease site into which site the CaMV 35S promoter has been inserted. 

FIG. 10 depicts the construction of pMON373 and pMON37a The blackened area on pMON370 
denotes TGMV-A DNA and the hatched box denotes the TGMV common regioa 
40 FIG. 1 1 depicts the constmction of pMON374 comprising pMON373 having inserted therein at the Clal 

site a 1 Kb fragment of TGMV-A DNA carried on a Clal fragment isolated from pMON370. This figure also 
depicts the construction of pMONSSO comprising pUC19 modified by the insertion of a synthetic 
multflinker in place of the pUCl9 EcoRIHindlll fragment. The blackened area on pMON560 denotes the 
synthetic multilinker. 

45 FIG. 12 depicts the construction of pMON377. The blackened area denotes the CAT DNA coding 

sequence. 

FIG. 13 depicts the construction of pMON378. The blackened area represents DNA sequence 6 as 
labeled in FIG. 14. The hatched boxes representTGMVcommon regions. The blackened circle represents 
the TGMV coat protein (CP) polyA DNA signal sequence. 
50 RG. 14 depicts pMON378 wherein the relevant DNA coding sequences are ktentified as labeled 

thereon. The blackened circle represents the TGMV coat protein (CP) polyA (polyadenylatkin) DNA signal, 
sequence. 

FIG. 15 depicts the construction of pMONSSO comprising pMON377 having inserted therein In place of 
its Hindlll-SacI fragment the TGMV-A DNA (blackened area) deleted from the Qal to BamHI restriction 

55 endonuclease sites. The hatched box denotes the TGMV common region. 

FIG. 16 depicts the construction of pMON372 comprising pMON505 modified to remove its Xmal 
(Smal) site and thereafter having inserted therein in place of its Stul-EcoRI fragment carrying the 
NOS-NPTir-NOS DNA sequence, a Stul-EcoRI fragment obtained from pMON120. The blackened area on 
pMON372 represents the Stul-EcoRI fragment from pMON120. 

€0 FIG. 17 depicts the construction of pMON382 comprising pMON372 having inserted therein at the 

EcoRI-SacI site the 3.5 Kb EcoRI to Sad fragment from pMOf4377 carrying 600bp of TGMV-A DNA, 
including the TGMV common region (hatched box), CaMV 35s promoter and CAT DNA coding sequence 
and having inserted therein at the Sacl-Hindlll site the SaCI to Hindlll fragment from pMON376 carrying a 
TGMV-A DNA segment lacking the C-terminal portton of the coat protein coding sequence. The 

65 blackened area on pMON382 represents TGMV-A DNA sequences and the hatched boxes represent 
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TGMV common regions. 

FIG. 18 depicts pMON382 wherein the relevant DNA sequences are identified as labelled thereon 
FIG. 19 depicts the construction of pMON383 comprising pMON381 having inserted therein in place oi 
the Sad to Hindlll fragment the blackened Sad to Hindlll fragment from pMON379 The open triangle 
denotes a deletion of the Clal to BamHI fragment from TGMV-A DNA. The hatched boxes represent the 
TGMV common region. 

RG. 20 depicts the construction of pMONa comprising pUC18 carrying a 2.6kb BamHI fragment 
(blackened area) of CLV DNA 1 inserted into its BamHI restriction endonuclease site in one orientation 
This figure also depicts the construction of pMONb comprising pUC18 carrying a 2.6kb BamHI fragment 
(blackened area) of CLV DNA 1 inserted into its BamHI restriction endonuclease site in an alternate 
orientation. The CLV common region is shown by the hatched box and the blackened circle denotes the 
polyA signal DNA coding sequence. 

FIG. 21 depicts the construction of pMONe comprising pMONc carrying a 350bp region (blackened 
area) isolated from pMONd and inserted into the EcoRI restrrctk>n endonuclease site of dMONc The 
hatched box denotes the CLV common re^on. 

FIG. 22 depicts the construction of pMONf comprising pMONe carrying a 2.6kb Sad to Hindlll fragment 
(blackened area) isolated from pMONb and inserted Into the Sad-Hindlll site in pMONe. The hatched box 
denotes the CLV common regton. and the blackened circle denotes the potyA signal DNA coding 
sequence. The relevant DNA coding sequences on pMONf are Wentified as labeled thereon 
. f ?!»f *^ constnictlon of pMON414 comprising pMONSOS having inserted therein a segment 20 
of TGMV-A DNA including the TGMV coat protein promoter and the TGMV common region and a 
chloramphenicd acetyl transferase (CAT) gene. The blackened line denotes TGMV-A DNA and the 
hatched box denotes the TGMV common regwn. 

FIG. 24 depicts the construction of pMON417 comprising pMON505 having inserted therein a CAT 
gene, denoted by a dotted Une and flanked at both ends by a TGMV-A DNA segment denoted bv a 2S 
blackened line. The hatched box denotes a TGMV common region. 

FIG. 25 depicts pM0N4 1 7 wherein the relevant DNA sequences are identified as labeled thereon 

FIG. 26 depicts the constructk>n of pMONBOl comprising pMON505 having inserted therein an origin of 
replicaton (on) for pBR322. an octoplne synthase (OCS) gene and a octopine-type Tl T-DNA right border 
sequence (ORB) wherein the ORB is denoted by the blackened triangle. ^ 

FIG. 27 depicts the constructk)n of pMON809 comprising pMON801 in which the NOS-NPTir-NOS DNA 
sequence has been replaced with a DNA fragment containing a 358 promoter sequence (35S) a 
dihydrcrfolate reductase coding sequence (dhfr) and a nopaiine synthase 3' non-coding sequence (NOS) 

FIG. 28 depicts the constructkm of pMON354 comprising pMON505 having inserted therein an 
expresskjrj^ssette comprising a 358 promoter sequence (358), a dihydrofdate reductase coding 35 
sequence (dhfr) and a nopaiine synthase coding sequence (NOS) and wherein the expression cassette ^ 
^^^^ TGMV-A DNA. denoted by the blackened line. The hatched box denotes the common region 

FIG. 29 depicts the conslructton of pMON337 comprising pMON505 having inserted therein one and 
one half copies of TGMV-A DNA. denoted by the blackened line. The TGMV common regkm is denoted by 
a hatched box. ' 

FIG 30 depicts the constructkm of pMON341 comprising pMON505 having inserted therein one and 
one half copies of TGMV-A DNA. denoted by the blackened line. The TGMV common regkin is denoted by 
the hatched box. ' 

FIG. 31 depicts the production of plant plasmki (pMON382 plant plasmid) In a plant cell genetk^aUv 
transforiwd with a plant vector (pMON382). The blackened line denotes Agrobacterium tumefaciens 45 
T-DNA (T-DNA). the hatched box denotes the TGMV common region. CAT denotes DNA sequences 
SJ^SJSf. «»V transferase. 358 denotes the CaMV 35S promoter sequence 

NOT-NPni-NOS denotes the gene for kanamycin resistance, the darkened drcle denotes th^ 
bidirectional TGMV-A DNA polyadenylatton site and the broken One denotes directly repeating DNA 

50 

Detailed Description of the Invention 

Tlie present invention provides novel methods and connpositions for modifying geminivinjs DMA 
particularly, two genome (binaiy) geminivirus DNA. to create novel ptent plasmids and plant vectors. The 
pfBsent invention further provides novel methods and compositions for the generation of novel plant piasmkts 55 
instatjiy transformed plants or ptent ceHs. Additionally, the novel plant ptasmids produced In acrardanra with 
the present mventmn provide a valuable means for replicating and/or expressing a heterotooous DNA 
Mquence or gene in plants or plant ceHs. Such heterologous DNA sequences include endogenoiJpiwt ceR 
DNA se<juences or genes, exogenous, non-geminivinis. DNA sequences or genes, ai^ chimeric DNA 

^r!I^,°™nT.^'1l^l^ iJL'r' ^'^^ "ot contained wrtWn a so 

geminMrus genome. These heterologous DNA sequences or genes are typically associated with the 
prodi»tion of proteins that make a plant more useful (e.g. proteins associated with or conferring hertjicide 
resistanca. (fisease resistance and/or crop yield), useful proteins to be recovered from plants or plant colls 
tSSS TtSij compounds that make a plant or plant cells more useful 
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Examples of desired polypeptides and/or organic compounds which may be produced in enhanced 
amounts using the invention are digitalis, vinblastine, vincristine, plant growth factors, herbicide resistance 
factors, disease resistance factors and other such chemical products which may enhance crop nutritional 
yield. Further specific examples of such heterologous DMA sequences or genes are those pro viding for 
5 production of enol pyruvyt shikimate phosphate (EPSP) synthase. glulathione-S-transferase. phytohormones, 
phytoallexins, fignins. viral antigens (i.e. coat proteins) such medically important polypeptides as tissue 
plasminogen activator, mammalian growth hormones, insulin-like growth factor and atrial peptides and 
eucaryotic or procaryotic enzymes, such as. but not limited to, chloramphenicol acetyl transferase and 
dihydrofolate reductase. 

10 Once the DNA sequence or gene providing for production of a desired chemical product is determined, 
such sequences or genes may be inserted into or joined to the plant vectors of the present invention by such 
conventional techniques as chemical and/or enzymatic linkage. 

The complete DNA sequences of several of the two genome geminiviruses is now known as are the amino 
acid compositions or sequences of the coat proteins tor several of these two genome geminiviruses. Stanley 

15 and Gay (1983): Mullineaux. P. M. et al. (1984) ; Hamilton, W. D. 0. et al. (1984), and Howarth, R. et al. (1985). 
These sequences are hereby incorporated by reference hereto. It has also been determined that only one of 
the two genomic DMAs in binary geminiviruses carries a DNA sequence coding for a coat protein (e.g. a coat 
protein gene) Townsend, et al. (1985). The term "coat protein-encodwig geminivirus DNA' or 'coat 
protein-encoding DNA* as used herein refers to both the DNA of single genome geminiviruses and to the DNA 

20 molecules of binary (two genome) geminiviruses which carry a geminivirus coat protein gene, unless 
othenvise specified. Examples of such coat protein-encoding geminivirus DNAs include, but are not limited to. 
the genome of wheat dwarf virus (WDV), the genome of maize streak virus (MSV). the genome of beet curly top 
virus (BCTV). the M' component of bean golden mosaic virus (BGMV). the "1" component of cassava latent 
virus (CLV) and the 'A' conoponent of tomato golden mosaic virus (TGMV). 

25 As described more fully in the examples below, it was discovered that one of the DNA molecules of binary 
geminiviruses is capable of autonomously replicating in plant cells and in stably transformed (e.g. genetically 
transformed) plants. Specifically, it was discovered that the coat protein-encoding DNA of two genome 
geminiviruses is able to replicate (e.g. produce both ssDNA and dsDNA forms) in plant cells and/or in 
transgenic plants in the absence of the second (e.g.' non-coat protein-encoding) genomic DNA molecule. It 

30 was further discovered that transgenic (e.g. genetically transformed) plants containing autonomously 
replicating coat protein-encoding DNA of binary geminiviruses do not produce disease symptoms. These 
discoveries are highly significant as th^ suggest that the coat-protein encoding DNA of a two genome 
geminivirus can now be employed as a plant vector that can provide for the relocation and/or expression of 
heterotogous DNA or genes in plants. Addrtbnalty. these discoveries suggest that binary geminivirus coat 

35 protein-encoding DNA can be employed to effectively replicate and express heterologous DNA sequences 
encoding desired chemical products in plants in the absence of such undesirable side-affects as disease. 

Indeed, as descn*bed more fully below, the present invention provides methods and compositions which 
permit the replication and expression of heterologous DNA sequences in plant ceils. Furthermore, by 
employing the methods and compositions described herein, plant plasmid DNA containing such heterologous 

40 DNA sequences have been demonstrated to be generated in a plant cell thereby providing a mearis for 
enhancing the synthesis of a desired polypeptide in a plant cell or plant. "Enhanced" polypeptide synthesis is 
herein understood to mean the generation of a greater than endogenous number of copies of a specific gene 
whk;h either directly encodes the desired polypeptide and/or encodes a polypeptide that causes the synthesis 
of a desired chemical, compound or polypeptide. 

45 Although TGMV is employed in the detailed examples of the present invention, those skDIed in the art wRI be 
able to apply the disclosed methods and compositions to any of the binary geminiviruses including, but not 
limited to, bean golden mosaic virus (BGMV). mungbean yellow mosaic virus (MYMV). and cassava latent virus 
(CLV). (See Francki et al.. 1985: Stanley. 1985). Addittonally. the DNA of a single genome geminivirus may be 
alternatively employed. 

50 It has been determined that a DNA sequence spanning approximately 200-250 nucleotides in length is 
shared by both the A and 8 (or "1" and '2") DNAs of a given binary geminivirus. This shared sequence Is 
hereinafter generically referred to as the 'common region'. Furthermore, comparative DNA sequence analysis 
of both single and two genome geminivirus DNAs has revealed a highly conserved DNA sequence, 
approximately 9 nucleotides in length, in all geminivirus genomes analyzed to date. See MacDowell (1985). This 

55 highly conserved sequence is located within the common region of binary geminiviruses and the intergenic 
region of single component geminiviruses and in both instances is part of a stem and loop structure proposed 
by secondary structure analysis of sequenced geminivirus DNAs. While applicants do not wish to be bound by 
the following theory of mechanism, it is believed that the stem and toop structure and/or the highly conserved 
DNA sequence comprising 5'-TAATATTAC-3' are essential for the replication of geminivirus DNAs. Hence, a 

$0 preferred geminivirus plant vector, whether derived from single or two genome geminivirus DNA, contains at 
least one copy of the highly conserved DNA sequence and/or the DNA sequences which provide the stem and 
\oop structure and various nucleotides surrounding the stem and loop structure. 

As described more fully below, it was discovered that the construction of geminivirus vectors containing a 
desired heterologous DNA sequence is primarily determined by the method chosen for delivery of the vector 

65 to a plant cell or plant. 
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To date, several methodologies exist which provide for the delivery of DNA sequences into plants. These 
delivery systems include whole virus infection, the Agrot>acterium Ti piasmid systems, free DNA application to 
abraded or cut plant surfaces, and free DNA introduction into plant protoplasts by means of. for example 
polyethylene glycol, calcium phosphate. poly-L-omithlne. micro-injection, or elecUoporation. Freeman et al 
(1984). Fromm et al. (1985) and Griesbach (1983). it is understood by those skilled in the art that the Ti piasmid 5 
systems include both colntegrate and binary vector systems. 

The present invention now teaches the necessary construction and/or components of geminivirus DNA in 
partk:ular binary geminivirus DNA. whfch provide for production of plant vectors for the various delivery 
systems which can be empk>yed. Specifically for use in free DNA delivery systems, a preferred vector 
comprises a heterotogous DNA sequence and a segment of a coat protein-encoding geminivirus DNA which w 
permits autonomous replication of piasmid DNA in a plant cell. For use in Ti piasmid systems a preferred 
vector comprises an Agrobacterium tumefaciens T-DNA. a first DNA segment containing a heterok)gous DNA 
sequence and a segment of a coat protein-encoding geminivirus DNA which permits autonomous replication 
of piasmid DNA in a plant cell and a second DNA segment which permits release of a plant piasmid from the 
vector or plant chromosomal DNA and wherein the first DNA segment is flanked by the second DNA segment f5 
In both vectors, the heterologous DNA sequence contains a DNA sequence coding for a polypeptide and/or a 
DNA sequence coding for a polypeptide that causes the synthesis ol a desired chemical comoound or 
polypeptide. 

Independent Replicatran of Coat Protein-Encoding DNA in Plants 20 

As detailed in the examples betow. it was first discovered that the A DNA (component) of TGMV vk^ich 
carries the DNA sequence encoding the TGMV coat protein (FIG. 1). is capable of replication in plants in the 
absence of the TGMV-B DNA. Additk>nally, it was discovered that said replication in plants occurs without 
causing disease symptoms In plants. Thus, the TGMV-A DNA contains all of the DNA sequence information 
necessary to support its own duplication and generation of multiple copies of itself in plants without causing 25 
disease symptoms. The terms -TGMV-A DNA" and -TGMV-A component" are hereinafter used interchange- 
ably and all refer to the TGMV-A DNA shown in FIG. 1. Similarty. the terms TGMV.D DNA' and "TGMV-B 
component" are hereinafter used Interchangeably and all refer to the TGMV-B DNA shown in FIG. 1. 

In one embodiment of the present invention. TGMV DNAs were introduced into plant cells by means of a 
larger, intermediate Ti piasmid that may or may not become inserted into the chromosomes of the treated plant 30 
cells. TGMV-A and -B components were individually inserted into separate and distinct Ti vectors to create 
chimeric Ti vectors. Specifically. TGMV-A and -B DNAs were individually inserted into the transfer DNA 
(T-DNA) region of separate and distinct disarmed Ti plasmkJs in a construction whk:h contains the entire 
specific TGMV DNA flanked by TGMV common regkms or in tandem with a second TGMV genome The tenn 
•flanked- as used herein means having a defined DNA sequence (i.e. a TGMV common region) contiguous S5 
with both ends of a given DNA sequence or segment. These chimeric vectors were thereafter employed to 
transform plant cells. The term •transform* is herein understood to include such terms as transfect Infect 
transduce and the like which collectively represent means for the introduction of and/or acceptance of DNA 
sequences into the genome of a host cell. 

In one prefenred embodiment of the present Invention. TGMV-A DNA was obtained as a 2.588 bp EcoRI 40 
fragment (Hamilton et al.. 1984) inserted in the EcoRI site of pAT153 to give pBH404 (Bisaro et al 1982) 
(FIG. 2A). in order to lest the ability of the TGMV-A genes to be expressed from Integrated copies in the 
chromosomes of transforn>ed plants, a ^6 kb EcoRI fragment was purified from EcoRI-cleaved pBH404 DNA 
nr>ixed with EcoRI-digested pMON200 DNA (Fraley et al. 1985 and Rogers et al. 1985) and treated with DNA 
ligase to give rise to a chimerk; T\ piasmid designated pMON305 (FIG. 2A). 45 

pMON200 is an intermediate vector capable of integrating into an Agrobacterium Tt plasmW such as but not 
limited to. pTiB6S3-SE. to form a cointegrate Ti piasmid having a functional, disarmed T-ONA. Agrobacterium 
tumefaciens strain GV31 1 1-SE carrying the pTiB6S3-SE piasmid has been deposited with the American Type 
CuHure Collection. (ATCC) (Rockville. MD) and has been given ATCC accession number 53002 pMON200 
thus represents an example of a cointegrate Agrobacterium Tt pfasmid delivery system. A binary delivery SO 
system, as described in more detail below, may alternatively be employed. As shown in FIG 2 pMON200 
carries a spectinomycin resistance gene (SpcR) useful as a selectable mariner in bacteria and a chimeric 
kanamycin resistance (NOS-NPTIf-NOS) gene useful as a selectable mariner in plant cells (Fraley et al 1985 
and Rogers et al. 1985). Other such selectable mariners known to those skilled in the art may alternatively be 
employed. ' 5^ 

Ri^ltant cointegrate plasmids comprising pMON200 carrying TGMV-A DNA were then mated into 
Agrobactenum and selected Agrobacterium carrying the resultant cointegrate ptasmkJs were subsequently 
TiJSI!.^ *° '"^^"^ ^^^'^ '"^o P«ant cells by conventional means. One of the resultant plasmkte 
pMOf^ comprised pMON200 having two copies of the TGMV-A EcoRI fragment In direct repeats inserted 
In the EcoRI site of pMON200. E. coli strain MM294 carrying pMON306 has been deposited with the ATCC and ^ 
has been given ATCC accession number 53304. A similar construct was made for the TGMV-B DNA which wzs 
obtained as a 2508 base pair (bp) Clal insert in the Clal site of pAT153 to yieW pBH602 (Bisaro et al 1982) 
DNA of PBH602 was cleaved with Clal. the 2.5 kb fragment was purified and joined to pMON200 DNA that had 
also been cleaved with Clal. One of the plasmids obtained carried three copies of the TGMV-B DNA Clal 
fragment as direcl repeats and was designated pMON308 (Fig. 2B). Another piasmid obtained carried four ^ 
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copies of the TGMV-B DNA Clal fragment as direct repeats but in the opposite orientation of the inserts in 
pMON308. This piasmid was designated pMON309 (FIG. 2B). 

The pMON305, 308 and 3C© plasmids were introduced individually into separate Agrobacterium tumefaciens 
GV3111-SE cells using the tri-parental mating procedure described by Fraley et al. (1983, 1985) and the 

5 resulting Agrobacterium strains carrying the pMON305, pMON308 and pMON309 plasmids co-integrated into 
the resident, disarmed pTiB6S3-SE piasmid were each used separately in the leaf disc transformation 
procedure (Horsch et aL. 1985) to obtain transformed regenerated petunia (Petunia hybrida ) and tobacco 
(Nicotiana benthamiana) i^ants. Plants were regenerated in the presence of kanamyctn as described 
previously (Horsch et at.. 1985) and produced nopaiine as expected for plants containing pMON200 

^0 derivatives. These plants, which contained integrated copies of either the two TGMV-A copies or three or four 
copies of the TGMV-6 DNA, were normal in morphology. 

The structure of the TGMV-A or -B DMAs in the transformed plants was determined by Southern 
hybridization analysis (Thomashow et al.. 1980). As described more fully in the examples below, total DNA was 
prepared from leaves of the transformed petunia or infected tobacco plants and separated on agarose gels 

f^ after cleavage with Hindlll which does not cleave in either the TGMV-A or the TGMV-B DNA. The Hindlll 
digestion was perfomned to reduce the size of the total leaf DNA to permit the entry of the DNA into the 
agarose get Any restriction endonuclease which does not cleave the A or B DNAs may. therefore, be 
employed. 

Two duplicate gels were mn for DNA separation. The separated DNAs were transferred to nitrocellulose 
^ filters and each filter was IrKUJbated separately with either radloactively-labelled TGMV-A specific cloned DNA 
(pMON349, FIG. 3). or TGMV-B specific cloned DNA (pMON350. FIG. 3). The construction of the pMON349 
and pMON350 plasmids appears in FIGS. 3 and 5. and FIG. 3. respectively. As a positive control for the position 
of the various TGMV DNA forms, total DNA prepared from the leaves of TGMV virusnnfected N. benthamiana 
plants was separated on the gels. For a negative control, total DNA from untreated petunia plant leaves was 
^ separated on the gels. 

In the positive control. TGMV virus-infected N. benthamiana plants, both the TGMV-A and TGMV-B specific 
labelled DNAs hybridized to the total leaf DNA and showed the presence of three major intra-cellular forms 
(Hamilton et al.. 1982) expected for the viral DNA (ss circles) and intra-cellular replicative forms 
(double-stranded nicked circles and covalently closed circles). It was then discovered that the total DNA 
^ prepared from the leaves of plants carrying pMON305. which contained tandem copies of the TGMV-A DNA, 
showed the same forms as the virus infected plants. These forms only contained TGMV-A sequences and no 
TGMV-B sequences. Leaf DNA prepared from a pMON308 plant did not show any free DNA forms. No 
hybridization with cloned TGMV-A or cloned TGMV-B DNA occurred with total leaf DNA from uninfected 
plants. 

^ These results demonstrated that the TGMV-A DNA contains all of the functions necessary for replication 
and amplification of TGMV-A DNA sequences in plants and furthermore contains all of the functions necessary 
for the TGMV-A DNA to become free of its integrated position in the chromosome or T-DNA to give rise to 
single strand (ss) circular DNA forms. These TGMV-A ssDNA forms can only arise as a result of TGMV-A DNA 
replication. It was thereby discovered that the TGMV-A DNA or the coat protein-encoding DNA of two genome 

^ (binary) geminiviruses have the capacity to replicate, in the absence of non-coat protein-encoding DNA 
sequences, in plants or plant cells. Furthermore, plants infected with only the TGMV-A component showed no 
symptoms of virus infection (e.g. disease symptoms). 

Additional studies employing various cointegrate Tt plasmids carrying less than two complete tandem 
copies of the, TGMV-A component revealed that plants regenerated from plant tissue transformed with these 

^ cointegrate plasmids similarly contained freely replicating TGMV-A DNA. These results indicated that piasmid 
OHA containing a coat protein-encoding geminivirus DNA, exemplified by TGMV-A DNA. can be created in 
plant cells from plant vector DNA and/or plant chromosomal DNA employing coirrtegrating and/or 
non-cointegrating (e.g. binary) plant vector constructs containing a coat protein-encoding geminivirus DNA 
flanked by directly repeating DNA segments which permit release (e.g. via recombination and/or replication) of 

^ piasmid DNA from the plant vector and/or plant chromosome. 

It Is anticipated that by employing the methods and compositions described herein, those skifled in the art 
can determine the optimal length and degree of nucleotide repetition of these directly repeating flanking DNA 
sequences, tt is believed that such directly repeating flanking DNA sequences shouM comprise from about 50 
to 600 base pairs in length, with a preferred length of about 250 to about 600 base pairs and a most preferred 

^ length of about 600 base pairs. In preferred embodiments, the degree of nucleotide repetition required in 
these directly repeating flanking DNA sequences is about 100 per cent, especially at bwer nucleotkle lengths. 
Additionally, such directly repeating flanking DNA sequences which pemut the release of piasmid DNA from a 
given plant vector and/or plant chromosome can be derived from geminivirus DNA (see, for example. FIG. 31) 
or. alternatively, can comprise a heterologous DNA sequence. 

^ As described more fully below, it was then detennined that only a segment of the coat protein-encoding 
geminivirus DNA was required to permit autonomous replication of piasmid DNA in plant cells. Specifically, it 
was discovered that the DNA sequences coding for the geminivirus coat protein are not essential for 
autonomous replication of coat protein-encoding geminivirus DNA in plant ceBs. Thus, while geminivirus coat 
protein-encoding DNA lacking or interrupted in the coat protein coding sequence is able to replicate in plant 

^ cens. whole vims is not produced thereby likely preventing further transmission of viral DNA by insect vectors. 
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Furthermore, it is anticipated that additional sequences or segments of the coat protein-encoding DNA not 
required for autonomous replication can now be detemiined by conventional mutagenesis and/or deletion 
experiments in accordance with the methods described herein. 

In accordance with the present invention. FIG. 31 presents a diagrammatic representation of the formation 
of a plant plasmid. shown as pMON382 plant plasmid. from a plant vector of the present invention, denoted 5 
PMON382. wherein the plant vector is constructed for. preferrably. a Ti plasmid delivery system. Although the 
diagrammatic representation shows the final plant plasmid as arising from a chromosomally integrated 
intermediate form of the plant vector DNA. the plant plasmid can alternatively arise (e.g. by recombination 
and/or replication) directly from the plant vector. Thus, white the diagrammatic plant vector is preferrably 
employed in a Ti plasmid based delivery system, the vector can alternatively be employed in conventional free w 
DNA delivery systems. Additionally, the plant vector exemplified in FIG. 31 can be further modified for use in a 
free DNA delivery system by excising the T-DNA and transforming a plant cell with the remaining linear or 
recirculanzed vector fragment. Furthermore, as described more fully below, plant vectors useful in 
conventional free DNA delivery systems and pemnitting the formation of plant plasrnid DNA can simply contain 
a DNA sequence and a segment of a coat protein^ncoding geminivtrus DNA which permits autonomous is 
replication of plasmid DNA in a plant ced. 

Construction of Geminlvirus Replication and Expression Vectors 

Having now demonstrated that the coat protein-encoding DNAs of binary geminiviruses, in particular the 
TGMV-A component, are capable of autonomous replication in transformed plants, and, specifically, that these 20 
DNAs can generate autonomously replicating DNA from an integrated state in plant genomes. such coat 
protein-encoding geminivirus DNAs were modified so as to create vectors useful in Ti infections and/or free 
DNA delivery systems. 

A primary characteristic of any vector is the presence of a site for insertion of a heterologous DNA sequence 
which site does not interfere with the ability of the vector to permit the replication of the heterologous DNA 
sequence in a host (e.g. plant) cell. Preferable, the plasmid vector should contain a restriction endonuclease 
site for insertion of a heterologous DNA sequence or gene desired to be replicated and/or expressed in plant 
cells. Such a restriction endonuclease site can be selected from existing sites in the geminivirus DNA, see, for 
example. FIG. 1. or may be introduced by conventional recombinant DNA techniques. Alternatively the 
heterologous DNA sequence can be ligated (e.g. chemically) to the vector. 

One of the criteria for selecting and/or altering existing sites and/or adding one or more restriction 
endonuclease sites is that such modifications and/or subsequent insertion of heterologous DNA sequences 
would not diminish the ability of the geminivinjs DNA (e.g. coat protein-encoding DNA) to autonomously 
replicate in plant cells to an intolerabte degree. This criteria can be established by. for example, assaying plants 
or plant cells transformed vwth the modified geminivirus DNA for the presence of geminivirus repficative forms 35 
(ss and/or ds circular DNAs) by the methods described below. Other selection criteria for useful restriction 
endonuclease sites include, but are not limited to. restriction sites which facflitate the insertion and/or 
subsequent manipulations of heterologous DNA sequences. 

In one preferred embodiment of the present invention, an existing restriction endonuclease site, the Seal 
site located within the DNA sequence coding for the TGMV coat protein (see FIG. 1) was selected and 40 
subsequently altered. As win be disclosed more fully below, rt was thereby determined that the coat protein 
gene, which is required for encapskJation of the TGMV DNAs. can be eliminated or interrupted. Thus, the coat 
protein gene was demonstrated to represent a non-essential region for TGMV-A DNA replication in plants 
These results also indicate that a full copy of a coat protein-encoding geminivirus DNA molecule, exemplified 
by TGMV-A DNA. is not essential for the generation in plants of plant plasmid molecules comprisino 45 
geminivirus coat protein-encoding DNA. 

Having now demonstrated that the coat protein gene sequences are not required for geminivirus-A DNA 
replication in plants, it is now possible to insert heterologous DNA sequences both shorter than the total 
number of bases coding for the geminivirus (e.g. TGMV) coat protein and/or at least as long as the coat 
protein gene sequerrce. ^ 

Indeed, as described more fully in the examples below, the DNA sequences coding for the geminivirus coat 
protein can be modified (e.g. interrupted and/or deteted) to carry and replicate a heterologous DNA insert 
Additionally, in one embodiment, it was demonstrated that heterologous DNA sequences inserted into 
TGIW-A DNA can be longer than the DNA sequence encoding the TGMV coat protein. Hence, heterologous 
DNA sequences as small as a DNA segment carrying a restriction endonuctease site or multi-linker and at least 55 
as long as 4.3 kb (kilobases) can be repljcated in plant cells as plasmid DNA employing the plant vectors of the 
present invention. Furthermore, as described more fully in the examples below, such heterologous DNA 
sequences are capable of being expressed in plant cells. 

In one embodiment, a heterologous DNA sequence was inserted into the coat protein gene of TGMV-A DNA 
and. using an Agrobacterium tumefaclens intermediate Ti plasmid-based vector as the DNA delivery system 60 
into plant leaf cells, the heterologous DNA sequence was shown to replicate as part of freely (ea 
autonomously) replicating TGMV-A DNA in plants. As described more fully below, the geminivirus ptani 
plasmid so produced in the transformed plant cells also contained a pUC18 origin of replicatk>n thereby 
enabling the plant plasmid vector to replicate in both plant and E. coli ceUs. This characteristic permits 
•rescue- of the released double-stranded circular forms by transformation of competent E. coli cells Plasmids 65 
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n^inS^*'^™" ^'"i"^'"*"'- Starting point for creation of a geminivirus vector was pMON505 (RG A\ 
PMON505 IS an-example of a binary Ti vector. An alternative gemini^rus vector can be c"stSSniS«l^ 

aU983). t coh strain MM 294 carrying tt,e Ti vector pMON505 as a plasmid Sna has been deSd She 
ATCC and has been give ATCC accession number 53301 ™Posiiea wiin me 

•Hie pMONKB plasmid is a 'binary vector' (Hoekema et aL. 1983; Bevan, 1984) derivative of dM0N2(M 
i„^^ 1 """"^ ^^'^ 'LIH) that provides .Kmiology with a rSsmKSnfS 

^g£tenu2 has been replaced with a smafl. 3.8 kb segment of an R^oad host rangeTS f 
repHoM, FIG. 4). This replacement results in all plasmid-based vector able to replicate in Agrobacferium eels 

« . segment |RK2) Replicon) was isolated from pTJS75 (Schmidhauser and Hellnski 

pMONSte (FIG. 4) cames a pBR322 origin of replication, the RK2 origin of replication and oriahfar 
^jug^fKjn^transfer a synthetic muHilinker containing unique cleavage Zes for E^m Qal EcoSv Jt^ 

aspor^Se^^^^^^^^ 
f!rrr^?4S 

« seJ^nMoJSDS'A%ir'^r' "".""""i: ""'^^ ^''^ «^°«' P'°»ein coding 

nf^t^/;H- ' ""ch cleaves the TGMV-A DNA once in the coat 

?r.^ A^r^'^s'"^ ? '"P' a 2.6 kb Seal fragment contaiZ rcomptete 

TGMV^DNA which «as hgated to a synthetic Hindlll linker (S'-CAAGCTTG. New England B"olabs B^ril 
MA) Foflowing digestion with Hindlll. the 2.6 kb Hindlll linear fragment was inWduced inti S 
O^ch-Perionetal 1985) (NewEnglandBiolabs.BeverIy.MA) that h^beenpre^^^^^^^ 
The resujng plasmid was caBed pMON344 (FIG. 5). The 2.6 kb TGMV-A HindrSn7v^1te^^Di 

N^^n?X^,^ir' ".^"'°^•:°"'^"s a unique StuI srte located 142 bp beyond the 3' end of the 
NTOS-NPTII-NOS kanamycin resistance gene. pMON344 con tains a unique Smal site located in flw dUCW 

S^ STJ^ ."h"^k '^'^^"^^ Smat and mixed with pMOI^^Tl^NA clSTve'^SS 

StuI and treated with DNA ligase. After transformation of cells and screenina for a reconrtih^ant ^n^-H 
the correct orientation (e.g. directly repeating) of the two TGMV-A c^,^^ piS^SiSlG^S 

a) A PMON505 -binafy' type. Ti plasmid-based plant transformation vector (1) 

^^c) The Chimeric NOS-NPTIf-NOS kanamycin resistance gene for selection of transformed plant cells 
d) One coMT of the E. coli pUC18 multicopy plasmid cloning vector (4) 

co2hi s^uScT?^.°S' T ' ""^'^ '"'«'"'P'«'' »he coat protein 

Pb^J?nS^^?o ^ ""^^^ '^P^^' °' «*^« «'St TGMV-A DNA insert. 

h^^n!^ exemplrfies one type of gemini,nrus plant vector useful in replicating and/or expressing 
SO tT^!Z '* ^^^'P^'^d 'hat geminivirus vectors of the pMON352-ty4 can be SSTcS 

1h» . ^ ^2)^ "TT"^' "^"""y " '"^"^^ anticipated that varfous n^^i^^r^S 

Sunn Zn"?""" ' nf^""'"- P^°N352 vector to yieU equivalent glm^^S 
useful in repDcating and/or expressing heterologous DNA in plants or ptent cells. Such maSons ^ 
include, but are not limited to. replacement and/or addition of an alternative nwAerqe^ deS 

« LSer™Vcho^^^^^^ 

fu^Zli^ r ' r ft^ °' P"T»ses. replacement of the TGMV-A DNA sequences with other 
Dl^ T protein-encoding DNA sequences, deletion of theVMOlS 

DNA sequences, and replacement of the pMON505 DNA sequences with cointegrate Ti vector w5a 
se^nces.Agemin««rusvectorcomprfsln9apreferredvanantr^^^ 

» In one pceferred embodiment. pMON352 was introduced into plant ceHs employing a T. vector deliverv 
S SP^'y- PMO'^^ was introduced into Agrobacterium^ umefaciens cXontainin^?^3^SE 
plasmid using he tn-parenlal mating procedure described by Fraley et aL (1983 1985) The resultant 
Agrobactenum tumefacens cells carrying the pMON352 plasmid were then used to intrS tl« 
sequences into plant cells using the leaf disc procedure (Horsch et al.. 1985). pMON352 mj alterS^ 
emptoyed as a geminivirus plant plasmid vector for use in free DNA «^ihout modiffeationTt^ 
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modifications as would remove the pMONSOS DNA sequences. 

The PMON352 DNA introduced into plant cells are incorporated into the genomes ol !he host ceils and can 
become integrated into the chromosomes of the plant cell hosts. Thus, as previously discussed, freely 
replicating TGMV-A DNA forms comprising TGMV-A DNA inten-upted in the coat protein gene and/or TGMV-A 
DNA having inserted therein at the Hindlll site in the coat protein gene heterologous DNA sequences 5 
comprising NOS-NPTir-NOS DNA and a pUC18.DNA. can arise through recombination between TGMV-A DNA 
sequences contained in non-integrated pMON352 DNA molecules and/or by recombination between 
non-integrated and chromosomaBy integrated TGMV-A DNA sequences and/or by direct replication of 
non-integrated or chromosomal copies of TGMV-A DNA. 

By employing the analytical methods previously described for demonslraling the autonomous or 1Q 
independent replication of TGMV-A DNA in transformed plants, it was discovered that TGMV-A DNA 
intenrupted in the DNA sequence coding for the TGMV coat protein was similarly able to freely (eg 
autonomously) replicate in transformed plant cells (e.g. leaf disc tissue). Specifically, exlrachromosomal or 
piasmid DNA forms of pMON352 were identified by isolating DNA from pMON352 transformed leaf tissue, 
separating the forms by agarose gel electrophoresis, transferring to nitrocellulose, hybridizing the DNA with a is 
radio-actively labelled TGMV-A DNA or pUC18 specific probe and exposing the filter to x-ray film. The abUity to 
select transformed leaf disc tissue on medium containing kanamycin demonstrates the ability of the 
geminivirus vector to allow expression of the kanamycin resistance (e.g. NOS-NPTir-NOS) gene in plant cells. 
Additionally, the ss DNA and ds DNA forms detected were of a size consistent with the pMON358 structure 
shown in Fig. 8 (e.g. about 7.0 kb). Thus, these results demonstrate that a functional coat protein gene is not 20 
essential for the generation of freely replk:ating (e.g. piasmid) binary geminivirus coat protein-encoding DNA 
(e.g. TGMV-A DNA). These resutts further demonstrate that heterologous DNA can be successfully inserted 
into a geminivirus coat protein gene and thereafter repRcated and expressed in plant cells as pan of piasmid 
(e.g. extrachromosonnal) DNA molecules comprising merely a segment of a coat protein-encoding DNA 
geminivirus. Additionally, such heterologous DNA can be of a size (e.g. base-pair number) greater than a 25 
geminivirus coat protein gene. Thus, in one embodiment of the pre sent invention. pMON352 exemplifies one 
type of vector capable of allowing both replication and expression of heterologous DNA sequences in plants 
Although the present embodiment employs a Ti plasmid-based delivery system into plant celts, it is anticipated 
herein that such binary geminivirus vectors as exemplified by pMON352 or variants thereof (i.e. pMON358. 
FIG. 8) can alternatively be employed in conventional free DNA delivery systems. 30 

In another embodiment of the present Invention, alternative vectors were constructed for use in free DNA 
delivery systems. Free DNA delivery systems afford the possibility of directly inserting piasmid DNA molecules 
into the genomes of plant cells. Such vectors can be particularly useful in transfonning plant suspension ceW 
cultures thereby providing an economk: means for replteating and/or expressing heterologous DNA products. 

Vectors for free DNA detivery systems wWch comprise piasmid DNA molecules typically contain a 35 
heterologous DNA sequence and a segment of a coat protein-encoding geminivirus DNA which segment 
permits autonomous replication of the piasmid DNA in a plant cell. As previously stated, the heterologous DNA 
sequence typically contains a gene for the polypeptide desired to be replicated and expressed in the 
transformed plant cefl and. preferrably, a marker for selection and/or identification of transformed plant cells. 
The segment of a coat protein-encoding gemihivims DNA minimafly contains those DNA sequences which are 40 
essential for the replication of the piasmid DNA in a plant cell. An example of such a coat protein-encoding 
geminivirus DNA segment is an entire coat protein-encoding geminivirus DNA molecule excluding the DNA 
sequences coding for the geminivirus coat protein. Additionally, while applicants do not wish to be bound by 
the following theory of mechanism, it is believed that the geminivirus common region serves as an origin off 
replication. As such, the common region is a required component of the segment of a coat protein-encoding 45 
geminivirus DNA contained within the piasmid DNA molecules employed to either directly transform plant ce«s 
or whfeh result from transformatwn of plants or plant cells with vectors which produce a piasmid DNA in a plant 
cell. 

In one preferred embodiment of the present invention, a vector for use in free DNA delivery systems was 
constructed, briefly, as foHows. As shown in FIG. 8, pMON352 DNA was digested with Hpal to remove the 50 
pMOh*505 derived Ti piasnrud DNA, rejoined with DNA ligase. and thereatter employed to transform a bacterial 
host cell. After transformatton of the bacterial host cell, one piasmid was isolated and named pMON358 
(RG. 8). 

The pMON368 piasmid can thereafter be introduced into plant protoplasts as free DNA using such 
conventtonal methods as polyethylene glycol, calcium phosphate. poly-L-omithine (Marton et al 1979- 55 
Freeman et al.. 1984). micro-injection (Griesbach. 1983) or electroporation {Potrykus et al.. 1985: Fromm et ai 
1985). Plant protoplasts so transformed can then be analyzed for the presence of freely replicating pMON358 
DNA forms employing the previously described TGMV-A DNA or pUC18 DNA probe-specific methods. As a 
control piasmid that should not be capable of autonomous replication in plant protoplasts a further derivative 
of PMON358 was created. Specifically. DNA of pMON368 was digested with Hindlll. which releases the eo 
TGMV-A DNA. treated with DNA ligase and used to transform bacterial cells. One of these derivatives deleted 
for the TGMV-A DNA, was isolated and called pMON360 (FIG. 8). 

Purified DNA of pMON358 or pMON360 can then be mixed with 3 x 10^ protoplasts derived from either 
petunia or carrot (Daucus carota) suspensk)n ceils and subjected to a high voltage. The treated protoplasts 
can then be diluted into growth medium and incubated at 25"C for 48-72 hours. At this time. DNA would be 65 
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prepared from the protoplasts and subjected to Southern blot analysis as described above using the TGMV-A 
specific pMON349 (FIG. 3) or pUC18 DNA (FIG. 5) as the radioactively labelled probe. 

Replication of pMON358 DNA in the transformed protoplasts should give rise to single-stranded circular 
DNA characteristic of replicating TGMV-A DNA whereas the pMON360» lacking TGMV-A DNA would not. The 

5 single-stranded DNA form would be the size expected for the pMON358 DNA (about 7 l<b). 

As shown in FIG. B. the pMON358 plant plasmid contains a pUC18 DNA sequence. This pUC18 sequence 
contains a bacterial origin of replication (e.g.repIicon) thereby affording rescue and further manipulations of 
the pMON358 plasmid in such bacterial hosts as E. coli. As with all shuttle vectors described herein, it is 
anticipated that DNA sequences containing a yeast cell origin of repScation such as one operable in 

W Saccharomyces cerevisiae can be alternatively or additi'onaUy inserted into the plasmid and/or vector DNAs 
described herein to permit rescue end further manipulations in a yeast cell host. 

Having demonstrated that coat protein-encoding geminivirus DNA can be successfully employed to 
replicate a heterologous DNA sequence in plants, additional novel plant expression vectors employing said 
geminivirus DNA can now be created. The novel expression vectors of the present invention will be useful in 

15 producing a desired chemical product in both plant cells and plants. The desired chemical products so 
produced can then be recovered by such conventional methods as affinity chromatography and/or 
conventional methods as determined by the site (e.g. plant cell or plant tissue) of production. 

An expression vector should contain all the DNA sequences necessary for both replication and expression 
of a heterologous DNA sequence in a given host along with a marker for identification or selection of hosts 

20 transfonned with said expression vector, in some Instances, the heterologous products coded for by the 
heterologous DNA sequence can function as a marker for identification and/or selection of transformed host 
cells. In the event that a transformation iriaiker other than the heterologous DNA gene product or chemk;at. 
compound or pofypeptkfe caused to be syrithesized by the heterologous DNA gene product is desired, such 
conventional maricers as antibtotic resistance can be employed. 

25 Expression of a heterologous DNA codir>g sequence in p^nts has been shown to require the following 
components: a promoter sequence operable in plant cells, a transcriptionaJ start or leader sequence (e.g. 5' 
non-translated region found in messenger RNA) which is typically contained adjacent to and within the 
promoter sequence, a DNA sequence coding for translation start-signal codon, a DNA sequence coding for 
the desired (e.g. heterologous) polypeptide product, at least one DNA triplet coding for a translation 

30 terminator codon. and a DNA sequence coding for a 3' non-translated region containing a polyadenylation 
sigrial. 

As previously stated, any promoter operable in plant cells can be employed. An operable promoter is 
understood to mean a DNA sequence able to allow transcription of a given DNA sequence in a cell. Such 
promoters include, without limitation, the cautifk>wer mosaic virus (CaMV) 358 promoter, the CaMV 19S 

35 promoter, the NOS promoter and the promoter from genes encodir^lhe small subunits of RuBP carboxylase 
from pea. petunia, soybean and tobacco wherein the preferred promoter is the CaMV 35S promoter. 
Additionally, as described more fully in the examples below, it was herein discovered that the TGMV coat 
protein promoter is effective for allowing expression of heterologous DNA sequences In plants. Similarly, any 
DNA sequence coding for 5' non-translated regions found in any eucaryotic cell preferably plant cell mRNA 

40 molecules or plant virus mRNA molecules, can be employed. Examples of DNA triplets coding for translation 
termination codons functional in plant cells include TAA, TAG and TGA. As in the case of DNA promoter 
sequences, any DNA sequence coding for a polyadenylation sequence operable in plant cells can be 
employed- Such DNA sequences include, without limitation, sequences from CaMV. geminivirus and from 
expressed or expressable plant cell genes, wherein the preferred sequences are obtained from NOS or the 

45 TGMV coat protein gene. 

Typically, the heterok)gous DNA coding sequence is isolated from a genomk: library. cDNA library or cells 
expressing the desired heterologous gene product by conventional means or is chemically synthesized. Such 
isolated or chemically synthesized heterologous DNA sequences typically contain translation start-signal and 
translation terminatk>n sequences. The term "expression cassette' as used herein means a DNA molecule or 

SO sequence whtoh contains all the information required for expression of a heterologous DNA coding sequence 
in a host except the heterologous DNA coding sequence itself .and the DNA sequences encoding the 
translation start-signal codon and translation termination codon. as the DNA sequences coding for the 
translation start-signal codon artd translation termination codon are typk:atly contained within the 
heterologous DNA coding sequence. 

55 In one preferred embodiment. pMON382 (FIG. 18). in which the chloramphenicol acetyl transferase (CAT) 
DNA coding sequences are deleted would exemplify a vector containing such an expressk^n cassette. 

Typically, an eucaryotic expression vector Is first assembled in easily manipulated and well developed 
host-vector systems such as bacteria or yeast. For example, a yeast or bacterial cloning vector with a known 
sequence, previously identified restriction endonuclease sites and known host is chosen. Such a host-vector 

50 system provides a means by which the components required for expression of a heterologous DNA coding 
sequence in plants can t>e assembled. An expression cassette can be inserted in the bacterial or yeast vector 
In total and/or can be inserted in a step-by-step assembly process employing conventional recombinant DNA 
tecniques. 

In one prefen-ed embodiment of the present invention, a pUC8 plasnf^id (New England Biolabs. Beverly. MA) 
55 was chosen as a convenience in obtaining large amounts of the various intermediates in the construction. 
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Specifically, as shown in Figure 9. the pUC8 DNA was modified by replacement ot the multi-linker contained 
between the EcoRI and Hindlll sites with a new multilinker, also bounded by EcoRI and Hindlll sites consistino 
ot the following sequence: * ^ 

EcoRI Clal Bglll Sad Hindlll 

5-GAATTCATCGATATCTAGATCTCGAGCTCGCGAAAGCTT-3' 

Any similar such linker containing one or more restriction endonuclease cleavage sites can be employed which 
wouW provide for the ordered assembly of the desired DNA sequence or gene and/or expression components 
to be earned on the chosen gemmivirus plasmki vector DNA for expression in plants. 

The above, preferred, linker contains convenient restriction endonuclease sites (EcoRI. ClaJ, Bglll Sad and 
Hindlll) for use in assembling the plant plasmid vector from its component parts. The modified pUC8 donina 
vehicle was called pUCSNL (FIG. 9). A further modification of the pUC8NL was made by deleting the single 
Ndel site that occurs at base pair 183 of the pUC8 sequence (Yanisch-Perron et al.. 1985) by treatment of the 
plasmid with Ndel. mungbean nuclease and re-joining with ligase. The resultant plasmid shown in FIG 9 was 
called pMON368. " ' 

In one preferred embodiment, the Cauliflower Mosaic Virus (CaMV) 358 promoter whfch encodes both the 
promoter and transcription start-signal sequence was chosen. Other promoters operable in plants or plant 
cells can be employed and are known to those skilled in the art. The CaMV 35S promoter carried on a 300 base 
pair Sau3A-BgIII fragment was pitfified from pMON295 (FIG. 9) and introduced into the Bglll site of the 
pMON368 such that the Bglll site nearest to the HindlH site end of the linker was recreated. As shown in FIG 9 
the resultant plasmid was called pMON371. E. coli strain MM 294 carrying the pMON295 plasmid has beeri 
deposited with the ATCC and given ATCC accession number 53303. 

Next, a selectable marker functional in plants and/or plant cells was added. In one preferred embodiment 
kanamycin resistance was chosen and was constructed as follows. The nopaline synthase promoter was 
joined to the modified bacterial Tn5 neomydn phosphotransferase (NOS-NPTir-NOS) coding sequence (from 
which the extra AUG translational initiator signal was removed) and followed by the nopaline synthase 3* 25 
nontranslated sequences previously described (Fraley et al. 1983). This marker gene is carried on a 1 6 kb Clal 
fragment obtained from pMON369 (FIG. 10). a derivative of pMON505, that had been treated with EcoRI and 
the Klenow fragment of DNA polymerase to remove the EcoRI site. The 1.6 kb Clal fragment. Isolated from 
PMON369 DNA prepared in a DNA adenine nwthylase deficient strain ot E. coli. was introduced into the unique 
Oal site of PMON371 to yield pMON373 (FIG. 10). Since the cleavage of the Clal site at the 3' end of the marker 30 
gene is prevented by methylation of the overlapping 5 - GATC sequence in DNA prepared from DNA adenine 
methylase proficient strains of E. coji. pMON373 DNA prepared from such a strain contains a unique deavable 
Ctal site. 

A portion of the TGMV-A DNA from the Qal site at base pair 1814 and extending through the common region 
to the Ahalll (Oral) site at base pair 259 was inserted into the single, deavable Clal site of pMON373. The Dral 35 
end of the TGMV-A DNA segment had been modified by addition of a synthetic Clal finker (New England 
Blolabs. Beverly. MA.. 5'-CATCGATG) to permit insertbn into the Clal site of pMON373. The resultant olasmid 
was called pMON374 (FIG. 11). 

Next, a heterologous DNA coding sequence was inserted. Any heterologous DNA sequence isolated by 
conventional techniques from biological material or chemically synthesized encoding a desired (eg ^ 
heterologous) chemical product, protein, or fragment thereof can be emptoyed. Examples of such 
heterologous DNA coding sequences are well known and available to those skilled in the art and include, but 
are not limited to the heterologous chemical products previously enumerated. 

m one preferred embodiment, a DNA sequence encoding E. coli chloramphenfcol acetyl transferase (CAT) 
was selected for insertion into the geminlvirus vector of the present invention. As known to those sk«led in the ^ 
art. the CAT coding sequence can be isolated from E.coli plasmid pBR325 (available from Bethesda Research 
Labwatones. Inc.. Gaithersburg, Maryland) or chemically synthesized. The CAT protein was chosen as it can 
readily be assayed and accurately quantified in small amounts of plant tissue or plant cells Enzyme activity can 
be detected in as little as 3 x 10« plant protoplasts (Fromm et al.. 1985). Any other foreign gene that makes a 
protein that Is detectable in plant extracts by such means as radio-immune assay or enzymatic assay can 50 
alternatively be incorporated into the ptesmid for expression purposes. Examples of such proteins include but 
are not limited to. the alpha subunit of human chorionic gonadotropin, growth hormone, tissue plasmimigen 
activator, insulin-like growth factors, atrial peptides, useful enzymes, previously enumerated chemk^l 
products and the neomycin phosphotransferase II enzyme which was also carried in the plasmid as a 
selectable marker. ^ 

.r^L'fff'^^f^^^''''"''^"'^"''^ <^<>'«^^tion. the CAT coding sequence was obtained from plasmid 
PMON2414 (FIG. 12). The CAT gene in this plasmid had been modified to contain an Ncol site at the starting 
ATG of Its coding sequence and both the internal Ncol and EcoRI sites had been removed by 
digonudeotide^directed site-specific mutagenesis (Zofler and Smith. 1982). In addition, a second Ncol site 
was k>cated 200 base pairs 3* downstream of the end of the CAT coding regwn 60 

To obtain a Bglll site at the 5* end of the coding fragment and a Sad site at the 3* end of the coding region 
fragment, the Ncol fragment was inserted into the unique Ncol site of pMON550 (FIG 12) The pMOf^ 
plasmid IS a denvative of pUC19 (Yanlsch-Perron et al.. 1985) in which the multilinker between the HindlH and 
^^^r..^!!.'?^ replaced vwth the synthelk: sequence below also bounded by Hindlll and EcoRI sites- 
Hindlll Bglll Ncol Sad EcoRI umancs. ^ 
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5'- AAGCnrCTAGAAGATCTCCATGGAGGCCTGGTACCGAGCTCGAATTC 

Again, any multflinker containing at least one unique restriction endonuclease cleavage site can be employed 
to facilitale the ordered assembly of a heterologous DNA sequence. The above preferred sequence contains 
unique cleavage sites for Bglil. Ncoi and Sac). The resultant plasmid was called pMON375 (FtG. 12) and 
5 permitted the isolation of the CAT coding sequence on a 960 bp Bglll-SacI fragment. As shown in FIG. 12. this 
fragment was inserted next to the 358 promoter in pMON373 at the Bglll-SacI sites. The resulting plasmid was 
called pMON377 (FIG. 12). 

The final piece that was assembled to make the expression vector was a modified TGMV-A genome made 
deficient in the coat protein coding sequence by insertion of a synthetic Hindlli linker (New England 6k)tabs, 

10 Beverly. MA. 5'-CAAGCTTG) at the unique Seal site at base pair 791 of the standard TGMV-A sequence 
(Hamilton et al.. 1984). This was accompHshed by cleavage of pMON305 with Seal, ligation of the synthetic 
linkers to the products, cleavage with excess Hindlli. the resulting 2.6 kb fragment was inserted into pUC18 
cleaved with Hindlli to give plasmid pMON344 (FIG. 13). 
Plasmid pMON344 was further modified by digestion with Asull, which cleaves pMON344 once in the 

15 TGMV-A DNA insert at bp 1037. and Smal. which cleaves pMON344 once in the pUC18 muttiRnker. The 
digestion products were treated with the Klenow fragment of DNA polymerase and DNA ligase. The resulting 
plasmid. pMON376 (FIG. 13). carries the modified TGMV-A genome as an asymmetric fragment with a Sad site 
bounding the 3* portion of the interrupted coat protein coding sequence and a Hindlli site adjacent to the 5* 
portion of the interrupted coat protein coding sequence. 

20 As shown in FIG. 13. in one preferred embodiment of the present invention, a complete expression vector 
intermediate was assembled in the following manner. Plasmid pMON377 was cleaved with SacI and Hindi!) and 
mixed with the 2.6 kb Sacl-Hindlll TGMV-A fragment purified from pMON376. As shown in FIG. 14. the resulting 
ptasnfUd. pMbN378 contains the foik)wing features: For replication in E. coli. there is a pUC8 replicon (1) 
containing an ampicilfin resistance gene for selection in E. coli. Next, there is a segment of TGMV-A DNA (2) 

.25 from base pair 1814 to base pair 259 that includes the common region. Next to this segment is the chimeric 
NOS^PTir-NOS gene (3) that functions as a selectable kanamycin resistance marker in plant cells and plants. 
This chimeric gene is arranged so that its direction of transcription is away from the common region and in the 
same direction as the coat protein gene. Next to this is the CaMV 358 promoter (4) joined to the GAT coding 
sequence (5) also transcribed in the same direction as the NOS-NPTH'-NOS gene. The next segment is the 

30 modified TGMV-A genome (6) anranged with the 3' end of the coat protein coding sequence and its 
poly-adenylation signal adjacent to the 3' end of the CAT coding sequence. The other end of the modified 
TGMV-A genome Is joined through the Hindlli site to the pUC8 plasmid. The alcove components represent 
examples of the functional components whrch can be empk>yed to create an expression vector. 
The pMON378 plasmid (FIG. 14) can be directly introduced into plant protoplasts by conventional means. 

35 Altematively. since this plasmid contains two EcoRI sites that permit the release of the plant plasmid from the 
pUC vector, the intennediate plasmid DNA can be treated by cleavage with EcoRI, and the linear plant plasrrud 
fragment introduced into plant protoplasts by convention means. Folk)wtng the introduction of such Df^As into 
plant protoplasts or plant suspension cell cultures, an extract can be prepared from the transformed cells and 
assayed for CAT enzyn^e activity using the method of Fromm et al.. 1985. As a control, protoplasts are treated 

40 with an equivalent amount of DNA of plasmid pMON380 (FIG. 15). The pMONSSO plasmid is similar to 
pMON378 except that the Bam HI (base 1354) to Clal (base 1814) fragment of TGMV-A DNA has been deleted. 
This results in loss of portions of the AL1. AL2 and AL3 (FIG.1) open reading frame coding informatton. The 
coat protein polyadenylation signals would stiti be located adjacent to the CAT gene to provide signals 
necessary for mRNA stability. 

45 The successful transformation and resultant expressk)n of the CAT gene would be indicated by an increase 
in the amount of CAT enzyme activity produced following transformation of the plant cells with the pMON378 
plasmid as compared to the pMON380 plasmid. Since the only difference between the two plasmids is the 
presence of a complete, coat protein-deficient TGMV-A DNA in the pMON378 but not in the pMON380 
plasmid. one could conclude that the this TGMV-A segment confers on the pMON378 plasmid the abOity to 

SO replicate to high copy number in the plant protoplasts amplifying the copies of the CAT gene and the resultant 
amount of CAT enzyme produced by these cells. 

As previously described, a alternattve method for introduction of the intermediate DNA capable of 
generating plant plasmkJs in plant cells was developed using the Agrobacterium tumefaciens Ti plasmid 
transformation system (Fraley et al.. 1983. 1985; Horsch et al.. 1985). Among the advantages of this system is 

^ the high frequency at which the Agrobacterium can deliver DNA into plant cells. In addition, DNA sequences 
capable of generating the plant plasmids arc introduced into the chromosomes of plant cells so that if plant 
plasmids are lost from the plant cell due to various causes such as instability due to expression of a certain 
heterologous gene product, they may be readily replenished by release of the plant plasmid from the 
chromosomal sequences by recombination or replication. Furthermore, heterologous DNA sequences so 

^ delivered are seed trar^mitted by the resultant, reger^rated transformed plants. 

The following describes a preferred construction and use of a Ti plasmtd-based expression vector whnh 
produces plasmid DNA in transformed plant cells. 

Plasmid pMON120 (Fraley et al., 1983) was cleaved with Stul and EcoRI and mixed with pMON521 DNA also 
cleaved with Stul and EcoRI. The pMON521 plasmid is a derivative of pMON505 from which the unk^ue Smal 

^ site was deleted by cleavage with Xmai. filling in the ends by treatment with the Klenow fragment of DNA 
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^fSfll'.^o!,.,!!'*!?.^'"'"- '^=^"'"9 •''^ °* fragments from pMON120 and pMON521 

nuS ^^jr h^A n^r kanamycin resistance gene but retains the multilinker oi 

PMON521 The TGMV-A DNA, selectable marVer and chimeric CaMV 35S promoter-CAT coding seouence was 
then introduced into pMON372 in the following manner. Ptasmid pMON377 was digested with EcoRI and ^cl 
and the ' esuinng 3^5 Kb fragment carrying the TGMV-A common region, chimeric NOS-NPTll'-NOS kanamycin s 
resistance, the 35S promoter and CAT coding sequence inserted into pMON372 DNA that had also teen 
cleaved with EcoRI and Sad. The resulting pbsmid. pMON381, is shown in FIG 17 

As shown in FIG. 17. fun length TGMV-A DNA cleaved in the coat protein, was isolated from pMON376 
"ISSI^nT^^fo ' ^"^ *° Pl'^ONSai also cleaved with Sad and Hindlll. The resulting plasmid 

PMON382 (FIGS. 17 and 18). was then introduced into Agrobacterium tumefaciens cells using the Iri-parenta! ro 
matmg procedure described In Fraley et al. (1983, 1985). As shown in FIG. 18. plasmid pMON382 is comprised 
of tt»e following DNA segments: 

a) A PMON372 'binary- type, Ti plasmid-based plant transformation vector (1) 

b) A segment of the TGMV-A DNA containing the common region (2) 

c) The chimeric NOS-NPTll'-NOS kanamycin resistance gene for selection of transformed plant cells 15 

13). 

d) The 35S CaMV promoter (4). 

e) The CAT coding sequence (5). 

0 A copy of the TGMV-A DNA cloned as a linear Insert internipted in the coat protein coding sequence 

Ptesmtd PMON382 thus exemplifies a vanant of plasmid pMON352 and was similarly demonstrated to b« 
useful in both replicating and expressing heterlogous DNA sequences in plants. 

As a control, a sequence that does not encode a complete coat protein deficient TGMV-A DNA was inserted 
into PMON381 in the following manner. Plasmid pMON381 was cleaved with Sad and Hindlll and the 1 2 kb 
^li^'^TL-'^'T^^'l''^ PMON379 was inserted Into the pMON381 plasmid to yield plasmid pMON383 25 
(FIG. 19). ThJS plasmid was introduced into Agrobacterium tumefaciens cells using the procedure of Fraley et 
al. (1983, 198S). 

Agrobacterium cells canying the pMON382 and 383 plasmids were employed to introduce the T-DNAs 
carrying the intermediate plant plasmid sequences into petunia cells using the leaf disc procedure described 
by Horsch et aJ. (1985). The ability to select for plant tissue able to grow in kanamycln^ontaining medium 
indicated successful expression of the kanamycin gene (NOS-NPTir-NOS) is transformed tissue Additionally 
freely replicating ds DNA forms of geminlvirus-containing DNA of the size (e.g. about 4.6 kb) expected for 
geminivlms plasmids able to replicate the heterologous (e g. NOS-NPTir-NOS and CAT) DNA contained 
therein was detected. These repllcative DNA forms were detected In accordance with previously described 
methods. ' 

As previously indicated, the present invention anticipates that expression vectors can be created from the 
coal-protem encoding genomes of any geminivirus. The following gives a prefen-ed method lor creation of ' 
such an expression vector from the coat protein-encoding cassava latent virus (CLV) DNA 1 

The starting segment comprising CLV-1 DNA can be obtained by isolation from the double stranded forms 
of the CLV-1 DNA produced in N. benthamiana Infected v^rlth the West Kenyan 844 isolate of the virus (Stanley 40 
and Gay, 1983). The infected N. benthamiana plants can be obtained by inoculatbn of young plants with 
extracts of infected leaves using the procedure of Bisaro et al. ( 1982). After three weeks at 25«C. leaves from 
the plants showing maximum symptom development (curled, wrinkled leaves and yeltowing) can be collected 
and treated as described in Deflaporta et al. (1983) to isolate the infected plant DNA 

A subfragment of the coat protein-encoding CLV-1 circular DNA that is interrupted in the coat protein 45 
coding sequence can be obtained as foflows. Total CLv infected leaf DNA (50 jig) can be digested to 
coflMetion with BamHI (100 umts) and toaded on a preparative agarose gel. After sufficient time, the resultant 
25^ bp BamHI fragment of aV-1 DNA that includes the common region will be clearly separated on the gel 
and can then be purified using the NA-45 membrane procedure. The purified 2.6 kb fragment (02 ug) can be 
domd by rnlxmg with 0.2 jxg of pUC18 (Yanisch-Perron et al., 1985) DNA that had been previous? digested ^ 
with BamHI and treated with alkaline phosphatase. Following transformation of E cdi MM294 cells and 
selection for ampicillin resistant colonies, plasmid DNA mini-preps can be digested^ivithBamHI to show the 
presence of the 2.6 kb msert and with EcoRI to determine the orientation of the Inserted CLV-1 DNA. One 
plasmid of each orientation can be saved (FIG. 20) and called pMONa and pMONb respectively 

As an acceptor plasmid for the CLV-I common region fragment, a derivative of pMON377 can be created by 55 
d^estion of 0.5 ^g of the plasmid DNA with 2 units of Clal to excise the 1 kb TGMV-A common regkin 
fragment. After ligation and transformation of E. coO MM294 cells, DNA mmi-preps can be made from the 
resumngamprcillin resistant colonies. The mini-prep ONAs can be cfigested^^ 1 kb 

insert. A plasmid lacking the insert can be saved and called pMONc (FIG 20) 

iP^J.T^'^Z!^ ^tK ''fill!'''" ^^"^"^ P^^'^^ ^« ^'9ested with SacI » 

(2 units) and treated iwth mungbean nuclease to remove the SacI cleavage site sequences. Followino tioation 
and transformation of E, coli MM294 cftOs. DNA mini-preps can be made From the resulting arr^iSeS^t 
cotonies and digested with SacI to show the toss of the SacI cleavage site and EcoRI to show that the 350 bp 
^°i!ri1.?^'°" fragment remains. One ot these plasmids can be saved and called pMONd (FIG 21) 
The CLV-1 common regton fragment can be joined to the NOS-NPTII -NOS kanamycin resistance martieV for ^ 
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plant cells and the CaMV 35S promoter joined to the chloramphenicol acetyl transferase (CAT) coding 
sequence as follows. Piasmid pMONd DNA (20 jig) can be digested with EcoRI (20 units) and the resulting 350 
bp fragment isolated using the NA-45 membrane procedure. The 350 bp fragment (0.2 fig) can be mixed with 
0.5 ng of pMONc DNA that is prepared by digestion with EcoRI and treatment with calf alkaline phosphatase. 
5 Following ligation and transformation of E. co)i MM294 cells with selection for ampicOlin resistant colonies^ 
DNA mini-preps can be prepared from some of these colonies. The DNAs can be digested with EcoRI to 
demonstrate the presence of the 350 bp fragment and with BamHI to determine the orientation of the inserted 
fragment. A piasmid carrying the insert and having two BamHI sites located 1.3 kb apart can be saved and 
caned pMONe (RG. 21). 

10 To complete the assembly of an intermediate piasmid carrying a coat protein deficient CLV-1 DNA bounded 
by two common regions and carrying a kanamycin resistance marker for plants and the CaMV 35S promoter 
joined to the CAT gene, the following can be done. Piasmid pMONb DNA (2 ug) can be digested with Sad (4 
units) and Hindi!! (4 units) to release the 2.6 kb coat protein interrupted CLV-1 DNA and further digested with 
Pvul (4 units) to inactivate the pUC portion of the pMONb DNA. This digested DNA can then be combined 

15 with 1 ^g of pMONe DNA that has been digested with Sad (2 units) and Hindlll (2 units). Following treatment 
with ligase and transformation of E.coli MM294 cells. DNA mini-preps can be made from the resulting ampiciliin 
resistant cotonies. The mIni-prep DNAs can be digested with Sad and Hindin to demonstrate the presence of 
the 2.6 kb insert into the 6 kb pMONe plasmki. A piasmid having these charepteristlcs can be saved and called 
pMONf (FIG. 22). 

20 The resulting pMONF piasmid would be the CLV-1 analogue of the pMON378 plasmW (RG. 14) and would 
possess the same characteristk:s as described for pMON378 in this application. 

Introductkm of the CLV-1 analogous segments into a Ti piasmid based vector can be accomplished in a 
manner analogous to that for the creation of pMON382 (FIG. 18). 
The following examples illustrate preferred embodiments of the present invention and are not intended to 
25 limit the invention's scope in any way. While this Invention has been described in relation to its prefen-ed 
embodiments, various modifications thereby will be apparent to one skilled in the art from reading this 
application. 

Microorganisms and Rasmids 
30 The following microorganisms are available from the American Type Culture Collection (ATCC), 12301 
Partdawn Drive. Rockville. Maryland, 20852, U.S.A.: 
ATCC 53303 -E. coll MM294 (pMON295) 
ATCC 53304 - E. coli MM294 (pMON305) 
ATCC 53301 - E. coil MM294 (pMON505) 
^ ATCC 53302 - Agrobacterium tumefaclens GV31 1 1 -SE {pTiB6S3-SE) 

These deposits are available to the pubftc upon the grant of a U.S. patent to the assignee of this applicatk)n. 
Monsanto Company. These deposits will be available for the life of any such U.S. patent having the benefit of 
the filing date of this application. However, it should be understood that the availability of a deposit does not 
constitute a license to practice the subject invention in derogation of patent rights granted by governmental 
action. Furthermore, the present invention is not to be limited in scope by the microorganisms deposited, 
since the deposited embodiments are intended only as specific illustrations of the invention. 
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Materials and General Methods 

All restrictton enzymes were obtained from New England Biolabs (Beverly. MA). Promega-Btotech 
(Madison. Wl), Boehringer Mannheim Biochemicals (Indianapolis. IN) and Bethesda Research Laboratories 
(Gaithersburg. MD) and used according to the manufacturers* tnstnictkms. Recognition sequences can be 
found In Kessler et al.(1985). Bacteriophage T4 DNA ligase was prepared using a modification of Murray, et 
aL(1979). DNA ligatk>ns were carried out in a volume of 15 to 100 ul in a buffer consisting of 25 mM Tris-HQ pH 
7.6. mM MgQa. 10 mM dithiothreitol. 0.2 mM spermidine and 1 mM ATP. Generally. 10 to 30 units were added 
and the reactk>n mixture incubated for 16 hours at 12** C. Klenow polymerase and calf alkaline phosphatase 
were obtained from Boehringer Mannheim Biochemicals (Indianapolis. IN) and used according to the 
manufacturers' iiistructions. Mungbean nuclease was obtained from Phanmacia-PL Biochemicals (Piscataway, 
NJ) and used according to the manufacturer's instructions. 

Piasmid DNA for rapkl screening was prepared by the alkaline extraction method of Ish-Horowicz and Burke 
(1981). Large scale piasmid DNA purifications were done according to Davis et al. (1980) or by using the 
modified alkaline lysis procedure of Ish-Horowicz and Burke (1981) followed by NACS-52 column purifteation 
as per manufacturers* instructions (Bethesda Research Laboratories. Gaithersburg, MD). 

DNA restriction fragments were isolated after elecrophoresis in horizontal agarose using NA-45 DEAE 
membrane (Schleicher and Schull. Keene. NH) according to manufacturers* instructions. 

Synthetk: DNA multilinkers used to construct certain of the plasmids were assembled on an Applied 
Biosystems DNA Synthesizer f AppUed Btosystems. Inc.. Foster City. California) following the manufacturer's 
recommended procedures. 

The folkwing E. coli strains were used as redpients in transformation 
LE392 and MM294 (Maniatis et al.. 1982) 
JM101 (Vieira and Messing. 1982) 
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GM48 (Bale et ai.; 1979) 

§. COM strains LE392. MM294. and JM101 may be obtained from the ATCC under ATCC accession numbers 
33572. 33625. and 33876, respectfve»y. E. coll GM48. a dam-, dcm-, strain, may be obtained from M Q 
Marinus. Department of Pharmacology. University of Massachusetts Medical School. Worcester Mass 01605 
E. coll strains were transformed according the methods of Maniatis et al. (1982). 5 
Luria broth (LB) and plates were prepared as described by Davis et al. (1980). Antibiotics, filter sterilized and 
stored frozen, were used in the following concentrations: ampicilHn (Ap) 200 ng/ml; speclinomycin (Spc) 50 
Hg/ml. For certain clonings into pUC plasmids or their derivatives, the medium also contained 10 ug/mf IPTG 
(isopropyl-p-D-thiogalactoside) and 25 ^g/ml Xgal (5-bromo-4-chtoro-3-indolyt^D-galactopyranoside) 

Agarose gel electrophoresis was performed In Tris-acetate EDTA buffer containing 1 ug/ml ethidrum W 
bromide as described in Maniatis et al. (1982). The agarose concentration was 0.8«Vb (w/v). 
Isolation of ONA from plant materials was carried out using the procedure of Dellaporta et al ( 1 983) 
Assays for chloramphenicol acetyl transferase were carried out essentiaBy as described by Canon and 
Primrose (1974). The bacterial standard employed was chloramphenicol 3-0-acetyletransf erase E C 2 3 1^ 
Sigma No. C-2900 (Sigma. St. Louis. Missouri) reconstituted with 5.0 mjifiliters (ml) 0.^M Tris pH 7*8 to a final f5 
concentration of 0.1 units (U) per microliter (>ii). (Dther reagents included acetyl Ck)A Sigma No A-2897 
(tn-sodium. tri-hydrate) (Sigma. St. Louis. Missouri). ^^C chloramphenicol (NEN 408. dichloroacetyl-i 2-^*C> 
(New England Nuclear) with specific activity of 46.5 ma/mmole. in ethanol; and lOQCWi ethyl acetate stored at 
4 C. A typical assay was conducted as follows. Leaf tissue was ground-up in 200 microfiters (ul) of 0 25 M Tris 
pH 7.8. m micf ofuge tubes containing mtcrobeads, vortexed 30 seconds (sec.) and then centrrfuged for 10 
minutes (mm.) at 4'*C in a microfuge. The supernatant was then heated at 65*»C for 15 min and 150 ui of the 
heated extract was then mixed with 10 ^1 i<C chloramphenicol and incubated at ZTC for 5 min 20 ul of 4 mM 
acetyl CoA was then added, the mixture vortexed and incubated at 37*C for 30 min. The reaction was stopped 
by adding 2 ml of cold {4" C) ethyl acetate and then vortexed. The organic layer was then removed and driedin 
an evaporator, resuspended m 30 jil ethyl acetate and then spotted on sflica gel TLC plates and run 25 
(ascending) in 95:5 chloroform-methanol for about 45 min. The plates were air dried and exposed to x-ray film 
overnight. 

For Southern blot analysis. ONA (usually 0.5-1 jig) was loaded onto O.SO/b (w/v) agarose gel prepared as 
described above, containing 1 ^g/ml ethidlom bromide and electrophoresed until sufficient separation was 
achieved (4 hours at 85 V). The gel was then exposed to UV light for 15-30 seconds. Next, the gel was washed X 
twice (each time for 10-15 minutes) with 0.25M Iqrdrochloric acid and then rinsed with distilled water After 

T/m M nu f ^^^''^ '""^ ^ ^ ♦°"^> •tenaturing solution containing 

OSN NaOH. 1.5M NaCI and then rinsed again with distilled water. Next, the gel was washed twice (each time fw 
30 minutes. 1 hour total) with neutralizing solution containing 0.5M Tris (pH7) 3M NaCI 

with «r nl? M ^ ^ on top of a sponge (Cellogel) saturated 35 

with 20X SSC (3M Naa, 0.3M NaCitrate). Nitrocellulose membrane (Schleicher and Schull Keene New 
Hampshire), prewetted with SOX SSC. was placed on top of the gel. followed by 2 more layers of Whatman 
3MM paper several layers of paper towels, and a smaU weight to ensure good contact during transfer of the 
DNA from the gel to the nitrocellulose membrane. After 4 hours, the nitrocellulose membrane was removed 
nnsed m 20X SSC, and then baked under vacuum at 80°C for 2 hours. 40 

After bakmg the nitrocellulose membrane was incubated at iZ'C m hybridization buffer containing SOVo 
formamide. 5X SSC. 5X Oenhardt's solution (Maniatis et al. 1982). 0.2% SDS. and 100 jig/ml denatured salmon 
sperni DNA for 2 hours. Next, the nitrocellulose membrane was incubated in fresh hybridization buffer 
contarang boiled and quenched 32p^abelled probe ONA (Rigby et al., 1977) for 48 hours at 42"C After 
hybndization the nitrocellulose membrane ivas washed twice with 2X SSC, 5mM EDTA 0 2% SDS for 30 « 
minutes each at eS'C and once with 0.2X SSC, 5ml^ EDTA. Q2fVo SDS for 30 miniites at 65'C The 
n.troeelJulose membrane was then sealed in a plastic bag and exposed to X-ray film to visualize DMAs that 
hyondize to the radioactive probe. 

Example 1 ^ 

The fottowng example demonstrates the construction of three geminivirus ONA containing vectors used to 
estab ish autonomous replication of the coat protein-encoding DNA of a binary geminivirus. in particular the 
TGMV-A component, nt plants. The creation of plants containing TGMV-A or TGMV-B component DNAs and a 
demonstration of the autonomous replication of T6MV-A ONA in transformed plants is also described. 

a. Construction of plMON30S ^ 

Plasmid PBH404 (B»aro et at.. 1982) DNA (20 ug) was digested with EcoRI (40 units) and the 2 6 kb TGMV-A 
^SlUSSii^^^J!^ NA.45 membrane. Two ug of the purified fragment was mixed with 0.1 pg of 
PMON200 DNA that had been cleaved with EcoRI and treated with calf aflcaline phosphatase. After ligation and 
transformation of E^ coH MM294 cells with selectionfor speclinomycin resistance. f% colonic wrSSS.^ eo 
„ J!?!!:".'^^ "^''^ '"^ Restriction endonuctease analysis with EcoRI and Clai 

1^ ? '^'^ ^ "^^"^ '"^^ ^ TGMV-A fragment with the structure 

Shown in Fig. 2. This plasmid was called pMON305. 
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b. Construction of pMON308 and pMON309 

Plasmid pBH602 (Bisaro et al.. 1982) DNA (20 ug) was digested with Clal (50 units) and the Z5 kb TGMV-B 
fragment was purified. Two jig of the purified fragment was mixed with 0.1 jig of pMON200 (Fraley et aJ.. 1985) 
DNA that had been previously cleaved with Clal and treated with calf alkaline phosphatase. After ligation and 
5 transformation of E. coli MM 294 cells. 100 spectinomycin resistant colonies were obtained. DNA mini-preps 
were made from twelve of these colonies. Restriction endonuclease analysis showed that one of these 
plasmids contained three tandem inserts of the TGMV-B DNA and another contained four tandem Inserts. 
These plasmids were named pMON308 and pMON309 and have the structures shown in Fig. 2. 

10 c. Creation of Plants Containing TGMV-A or -B Component DNAs 

The kanamycin resistant petunia and tobacco callus obtained as described in Example 13 was grown on 
regeneration medium (MS104) media, (Horsch et aJ. 1985) containing 500 jig/ml carbenicillln and 300 jig/ml 
kanamycin for 3-6 weeks until healthy shoots grew out of the callus. When these shoots reached a reasonable 
size (1 .5-2.6 cm) they were excised from the callus tissue and placed onto rooting medium (MSG) (Horsch et 

75 al. 1985) with the cut end of the shoot embedded into the medium to stimulate root formatkjn. After 1-5 weeks 
shoots which had formed roots were put into soil and grown to maturity. 

To insure that the plants obtained in this manner contained integrated T-DNA including the NOS gene and 
NOS-NPTir-NOS gene found in all of the constructs listed above, the following tests were performed. Assays 
for expression of nopaline in these plants were performed according to Rogers et al. (1986). To assay for 

20 expression of the NOS-NPTir-NOS gene in transformed petunia plants, leaf tissue was excised from these 
plants and placed on MS104 medium containing 300|ig/ml kanamycin. Growth of callus from the leaf tissue 
confirmed expression of this gene in these plants. For tobacco, seeds were taken from self crossed 
transformed plants and placed on MSO medium containing 300 |ig/ml kanamycin. Seeds capable of 
germinating and growing on this medium were obtained in a ratto expected from normal Mendellan inheritance 

25 of the NOS-NPTII -NOS gene from the transformed parent plants. 

d. TGMV-A and TGMV-B Components in Tranformed Petunia and Tobacco 

Total DNA was isolated from petunia and tobacco plants fransformed with A. tumefaciens containing 
pMON305. electrophoresed on O.80/0 (w/v) agarose gel. blotted onto nitrocellulose, and hybridized to a probe 

30 containing pUC8 and an insert specific for the TGMV-A component (pMON349). These DNA's from both 
petunia and tobacco contained bands which hybridized to the TGMV-A probe and comigated with TGMV viral 
DNA in both ds and ss forms. 

To verify the existence of the TGMV-B components in transformed tobacco plants, free DNA delivery 
experiments were perfonned as follows. Leaves of kanamycin resistant progeny from transgenic plants 

35 obtained by transformation with A. tumefaciens containing pMON308 and pMON309 were innoculated with 
pMON337 DNA (10 ng/planl) after wounding the leaf surface by fight rubbing with carborundum. Symptoms 
characteristic of TGMV infection were present on the plants 10-20 days after innoculation. Since both TGMV 
components are required for symptom production, this experiment demonstrates the existence of the 
TGMV-B component In plants transformed with A. tumefaciens containing pMON308 or pMON309. 

^ For petunia, the existence of the TGMV-B component in transformed plants was verified by crossing with 
TGMV-A transformed plants. Progeny from nop^. kanamycin resistance petunias fransformed with A. 
tumefaciens containing either pMON308 or pMON309 were crossed vwth progeny from transformed petunias 
known to contain integrated and freely replicating TGMV-A viral DNA. Progeny from these crosses displayed 
symptoms characteristic of TGMV infection at a ratio expected from simple Mendelian inheritance of the 
TGMV-A component from one parent and the TGMV-B component from the other. This result demonstrates 
the existence of the TGMV-B component in plants transformed with A. tumefaciens containing pMON308 or 
PMON309. 

Example 2 

^ The following example demonstrates the constructbn of cloned TGMV-A and -B components each lacking 
the TGMV common region. These cloned TGMV components are useful In identifying TGMV-A and -B DNA 
forms. 

^ a. Constructk>n of pMON344 

To construct pMON344. it was necessary to first alter the unique Seal site located in the coat protein coding 
sequence of TGMV-A to a Hindlll site. This was accomplished by cleaving 5 \iq of pMON305 DNA with 10 units 
of Seal. The Seal cleaved pMON305 DNA was treated with ligase in the presence of 40 ng of synthetic Hindlll 
linkers (5* -pCAAGCTTG. New England Biolabs). After 16 hours at WC. the Ugase was heat inactivated at 
ZO^'C for 15 minutes, cooled to room temperature and treated with excess Hindlll (20 units) for 3 hours at 37** C. 
Approximately 2.5 ng of this DNA was added to 1 .0 \tg of pUC18 DNA which had been cleaved with Hindlll and 
treated with calf alkaline phosphatase. E. coH JM101 cells were transformed with the ligation mixture and 
selected on LB Ap plates containing Xgal and IPTG. Fifty colonies, two of which were white indicating that they 
carried an inserted DNA. were recovered. These colonies were grown up in ampiciHin containing media axv^ the 

^ DNA recovered by alkaline lysis. Restriction enzyme digestion analysis with Hindlll. BamHI. Clal, and Xhol 
showed that one of these was correct. Orientation of the Inserted DNA was determined from the BamHI 
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digestion pattern. The construct was then named pMON344 (Fig. 5). 

b. Construction of pMON349 

PlasmW PMON344 (Fig. 5) ONA (2 ^g) was digested with Hindlll (10 units) and EcoRI (10 units) Fotlowino 
t.eat .nact«,at.on 01 lt« restr.ct.on endonucleases the digestion mixture was treated with ligase The mS 
was transformed , mo JM101 cells and plated on LB Ap plates containing Xgal and IPTG. ApproximatX^ 
cotonHss were obtained 150 of which were white indicating that the plasmid carded an insert KSweS 

1460 bp EcoRI-Hindin fragment. This plasmid was saved and called pM0N349 (Fig. 3). 

c. Construction of pMON350 

DhS^i'i'^Ar'-K"''?- ^' if^i ^'"^ ^9"' C'al (10 units) and calf alkaline 

phosphatase. Alter heat .r«ct«rat.on (70»C. 10 min.) This DNA was combined with 5 ug of pMON309 DNAttS 
had been d.gested with 10 units each of Bgill and Clal followed by heat inactivation L nM^tw^T^^ 

colon.es obtained were used to prepare DNA mini-preps. The ONAs were digested with Clal^ eSllto 
Example 3 

^ The following example demonstrates the construction of an intermediate vector useful in constructina an 

a. Construction of pMONS03 

Plasmid pMONSTO (Fraley et al., 1985) DNA (4 ug) was digested with Ndel and treated with DNA Hgase After 
T TT. - — """"^ ""'^^♦^ spectinomycin resistant ceHs. 300 I^e 

obta.ned. DNA m.n.-preps were made from 24 of these and digested with Ndel to show the absence of a 900 bo 

S%0N5M (fTsI loss of the 900 bp Ndel fragment was savL 

b. Construction of pMONSOS 

Plasmid PMON503 DNA (4 pg) was digested with Smal and Hindlll and mixed with 4 ug of pTJS75 ONA also 
«sSt E SJ^S^'J!'"'"' '^"'U^^"™'"' ^ ligase and transformation' 2^ sSt^^c^ 

the 18 Kb Hind^ll-Smal fragment by digest.on with Smal and Hindlll. Pstl. Sail and Ps« and PstI and Smal One 
of these showmg the correct structure was saved and called pMONSOS (Fig. 4). 

Example 4 

r.^Z!°^P^ ^'^'"^^ demonstrates various intermediate plasmid vectors useful in assembling a TQMV-A 
«r«S^°^KTfK °" T ' ^ '^^^'^ P'^"' specifically, the TGMV-A DNA 

I^pTa hZ ^° « prole.n^ncoding DNA sequences are interrupted to creMe a coat protein mLs 

(CP-) A DNA sequence flanked by TGMV common regions. The resultant pl«ION352 vector may ateTte 
employed .n a tree ONA delivery system to give rise to geminivirus plant pbsmid. ""ay be 

a. Construction ot pMON345 

„-n^T ^^°^J''''- ^' ^^^^^^ ^ Seal and the 2.6 kb Hindlll TGMV-A 

ST2,ToKi"^\S.'1^:fH:r'^L^^^^^^^ '''' ^« °' ^-"^'^ fragment w^i^^ei 
TZU^ t^^!^ P , ' "^"^ «»" alkaline phosphatase 

2!S!?T^r«f^ ;T *^"°" °' - - »^"294cells. 470 spectinomycin-res^slant (^loniTS^ 
^f^- '^^''^ '^^ ^'"P"^""" resistance and eight were found to be sensitiva 

DNAmwi-preps were made from these eight colonies and screened for the presence of ttte Z6 to HirSi 

17? '^"T""'. ^ E<=°R' <«9estion show^thalTne L^'lS'oLto^^ 

Shown in Fig. 6. This plasmid was saved and catted pMON345. «»"tti«n 

b. Construction of pMON352 
3e^rN?^p?r.gsM^^^ 

f^'l2 !! ^ JT^ spectinomycin were obtained. PlasmW mini-preps were made 

il^tfiT^ ^^"^"^ ^ ^""^ 'V digestion with BamHI. EcoRI. Bgill arS SSJ 

correct orlentat««. shown .n fig. 6 and 7. One of these plasmids was saved and nam^ JmoS 
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Example 5 

The following example demonstrates the construction ot a geminwirus plant plasmid vector {pMON358). in 
particular, a TGMV-A component plant plasmid vector, for use in a free DNA delivery system. Also 
demonstrated is the construction of a negative control vector (pMON360) lacking the TGMV-A DNA 
5 sequences for use in free DNA delivery systems. 

a. Construction of pMON358 

Plasmid pMON352 DNA (1 \ig) was digested with Hpal. diluted 5-foW and treated with DNA ligase. FoUowing 
transformation of MM294 cells. 20CX) ampicillin-resistant colonies were obtained. Sixty-five of these colonies 
10 were streaked on plates containing 50 \ig/m\ specttnomycin. None of the colonies were spectinomyctn 
resistant. DNA mini-preps were made from 12 of these cotonies and digested with Hpal and Hindlil. Eleven of 
the cotonies contained the 2.6 kb Hindtll fragment and a single Hpal site. One of these was saved and called 
PMON358 (Fig. 8). 

15 b. Construction of pMON360 

Plasmid pMON358 DNA (1 ng) was digested with Hindlil. diluted five-fold and treated with DNA Itgase. 
Following transformation of pMON294 cells, about 2000 ampiclllin resistant colonies were obtained. Plasmid 
DNA mIni-preps were made from twelve of these and digested with Hindlil. Eleven of the hvelve had a single 
Hindlil site and had lost the 2.6 kb Hindlil fragment. One of these was saved and called pMON360 (Fig. 8). 

20 

Example 6 

The following example demonstrates the construction of various intermediate plasmkls which provide for 
assembly of the gemlnlvirus expressk)n vector pMON378 useful in free DNA delivery systems. pMON 378 can 
be cleaved with Bglll and Sad to remove the CAT DNA coding sequence and provide an Insertion site for any 
25 desired DNA coding sequence Into the geminivius expression vector pMON378. 

a. Construction of pUCdNL 

Plasmid pUC8 (Vieira and Messing. 1982) obtained from Bethesda Research laboratories. Inc. Gaithersburg. 
MO, DNA (1 iig) was digested with EcoRI and Hindlil. Next 40 ng of a synthetic multilinker constructed with 
30 EcoRl and Hindlil cohesive termini was added and the mixture was treated with DNA ligase. Following 
transformation of JM101 and selection of white colonies on plates containing ampiciilin. Xgal and IPTG. 
approximately 5(X) colonies were obtained. DNA mini-preps were made from twelve of these colonies and 
tested by digestion for the presence of unique EcoRI. Hindlil. Clal. Bglll, Sad and Xhol sites. One plasmid 
showing these properties was saved and called pUC8NL (Fig. 9). 

35 

b. Construction of pMON368 

Plasmid pUCSNL DNA (1 jig) was digested with Ndel and treated with mungbean nuclease to remove the 
single strand ends. Following treatment with DNA ligase and transformation of E. coli MM294 cells. 200 
amplcillin resistant colonies were obtained. DNA mini-preps were made from twelve of these colonies and 
40 screened for the toss of the unique Ndel site. One plasmid that had tost the Ndei site was saved and called 
PMON368 (Fig. 9). 

c. Construction of pMON371 

Plasmid pMON295 is a derivative of pMON200 that carries a 320 bp DNA fragment derived from the 35S 
45 promoter region cauliflower mosaic virus. The sequence of this fragment appears below and its construction is 
described in Rogers et at. (1985). 

EcoRI Sau3A 

50 I \ , 66 

5 ' -GAATOCCGATCcTATCTCTCACTTCATCAAAAGGACA(n'AGAAAAG(JMGGTGGC^^ 



55 



67 136 
CCATCAnGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCCC^ 



137 206 
CCACCCACGAGGAGCATCGTGGAAAAAGAAGACGnCCAACCACGTCnC^ 

TATA 

60 207 I 276 

ATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCOTCGCAAGACCi^^ 

5* oRNA SauSA 
277 I I 334 

AAGnCATnCATnGGAGAGGACACGCTGAAATCACCAGTCTCTCTCTACAGATCT-S ' 

65 
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The numbering of the CaMV 35S promoter sequence from 5' to 3* for diagrammatic purposes only. 

Plasmid pMON295 DNA (20 jig) was digested with 40 units each of Bglli and EcoRI. The resultant 330 bp 
fragment was then purified using the NA-45 membrane method and the purified fragment was digested with 10 
units of Sau3A. The Sau3A digested fragment was mixed with 1 |ig of pMON368 DNA that had been digested 
with Bgitt (5 units) and treated with calf alkaline phosphatase. Following ligation and transformation ot E. coli 5 
MM294 ceils. 100 ampiciffin resistant cdontes were obtained. DNA mini-preps were made from twelve of "these 
and digested with Pvull to demonstrate the presence of a 330 bp insert and with Bglll. EcoRV and XmnI to 
determine the orientation of the inserted fragment. Two of the twelve contained the 35S promoter fragment in 
the orientation with the Bglll site nearest the Hindlll site of pMON368. One of these was saved and called 
PMON371 (Rg. 9). ,^ 

d. Construction of pMON369 

Plasmid pMON505 DNA (2 jig) was digested with EcoRI (10 units) and treated with the large Klenow 
fragment of E. coli DNA polymerase in the presence of the four deoxynucleotide triphosphates. Following 
iigatton and transformation of E. coB MM294. about 500 spectinomycin resistant colonies were obtained. 75 
Plasmid mlnf-preps were made from twetve of these and digested with EcoRI. One of the twelve had lost the 
EcoRI sae and was saved. This plasmid was called pMON369 (FIG. 10). 

e. Construction of pMON373 

Twenty micrograms of plasmid pMON369 DNA prepared from E. coH GM46 dam- ceRs was digested with 20 20 
units of aal and the 1.6 kb fra^nent carrying the NOS-NPTH'-NOS kanamycin resistance gene was purified 
using the NA-45 membrane procedure. The purified fragment (1 ng) was mixed with 1 ng of pMON371 DNA 
that has been digested with 2 units of Oai and treated with caff alkaline phosphatase. After ligation and 
transformation of E. coli MM294 cells, about 800 amplcillln resistant cokmies were obtained. DNA mini-preps 
were made from tvwive of these and digested with Clal and Bglll to show the presence of the 1 .6 kb fragment ^ 
and its orientatfon. One ot these plasmkis that showed the correct structure was saved and called pMON373 
(FIG. 10). 

f. Construction of pMON370 

PlasmW pMON344 (Fig. 5) DNA (1 \ig) vwts digested with Oral, an isoschizomer of Ahalll. mixed with 40 ng of ^ 
synthetic Clal linkers (5'pCATCGATG. New England Biolabs. Beverly, MA) and treated with DNA ligase. After 
diges;tion of the ligation mixture with Clal (50 units) these DNA fragments were added lo pMON316 DNA (1 ng) 
that had been cleaved with Dal and treated with calf alkaline phosphatase. Following ligation and 
transformation, 500 spectinomycin resistant colonies were obtained. DNA mini-preps were made from twelve 
of these colonies and digested with Oat. One of these plasmids carried a 1 kb Clal fragment that contained an 35 
EcoRI and Ncol site. This plasmid was saved and called pMON370 (Fig. 10). 

g. Constructk>n of pMON374 

Rasmid pMON370 DNA (5 ng) was digested with Clal (20 units) and mixed with 0.2 jiQ of plWlON373 DNA that 
had been digested writh Clal (2 units) and treated with calf alkaline phosphatase. Following ligation and ^ 
transformation of E. coli MM294 cells. 300 ampfcillin resistant colonies were obtained. DNA mini-preps were 
made from twelve of these cotonies that were selected for sensitivity lo spectinomycin. Six of the colonies 
carried the 1 kb Clal fragment. Screening by digestion with EcoRI showed that four of these plasmids carried 
the Oaf fragment in the orientatkm shown in Fig. 12. One of these was saved and called pMOri374 

45 

h. Construction of pMON550 

Plasmid pUC19 (Yanisch-Penron et al.. 1985) DNA (1 jig) was digested with Hindlll (2 units) and EcoRI (2 
units) and mixed with 50 ng of a synthetfc DNA multilinker (Fig. 1 1 ). Foflowing ligation and transformatk>n of E. 
coli JM101 ceUs. about 500 colonies were obtain on ampicillin. Xgal and IPTG pbtes. DNA mini-preps were 
made from twelve of the .blue cotonies and digested with EcoRI. Bglll, Ncol. Sad and Hindlll. One plasmid ^ 
containtng unkjue sites for these endonudeases was saved and called pMON560 (Fig. 11). 

i. Construction of pMON375 

Plasmid pK40N2414 (Fig. 12) DNA (20 \iQ) was digested with Ncol (50 units) and the 940 bp fragment 
carrying the chloramphenicol acetyl transferase (CAT) coding sequence was purified using the NA-45 ^ 
membrane method. The fragment (2 \ig) was mixed with plasmid pMONSSO DNA (1 ^g) that was previously 
digested with f^l (5 units) and treated with calf alkaline phosphatase. Folkwing ligation and fransf ormation 
of E. coa MM294 cells, about 500 ampk:nfin colonies were obtained. DNA mini-preps were made from twelve of 
these. The same twelve cotonies were tested for chloramphenicol resistance on LB plates containing 25 pg/ml 
chloramphenteol. Six of these cotonies were resistant lo chloramphenicol. These same six carried the 940 bp ^ 
Ncol fragment in the pMON560 plasmkJ in the orientation shown in Fig. 12. One of these plasmids was saved 
and called pMON375. 
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j. Construction of pMON377 

Plasmid pMON375 DNA (50 pg) was digested with Sac! (50 units) and Bglll (50 units) and the resulting 960 
bp fragment carrying the CAT coding sequence was purified using the MA-45 membrane procedure This 
Bglll^cl fragment (lug) was mixed with 1 jig of pMON374 DNA that had been digested with Bglll (S units) and 
5 Sad (3 units). Following ligation and transfonnation of E. coli MM294 cells, ampicillln resistant colonies were 
obtained. These colonies were tested for resistance to 25 ng/ml chloramphenicol. DNA mini-preps were made 
from twelve of these DNAs and analyzed by Bglll and Sad digestion for the presence of the 960 bp CAT 
fragment. One of the plasmids showing the correct structure (Fig. 12) was saved and called pMON377. 

10 k. Construction of pMON376 

Plasmid pMON344 (Figs. 5 and 13) DNA (5 was digested with Smal (10 units) and Asull (10 units) and 
treated with the large Klenow fragment of DNA polymerase. Following ligation and transformation of E. coli 
MM294 cells, one ampicillin resistant colony was obtained. A DNA mini-prep was made and digested" with 
Smal. Hindlll and SphI to test for deletion of the Smal to Asull fragment. It showed the correct structure was 

15 saved and called pMON376 (Fig. 13). 

1. Construction of pMON378 

Plasmid pMON376 DNA (20 \ig) was digested with Hindlll (20 units) and Sad (20 units) and the resulting 
TGMV-A 2.5 kb fragment was purified by the NA-45 membrane procedure and mixed with pMON377 DNA (1 
20 ug) that had been digested with Hindlll and Sad. Following Ugation and transfomiation. ampicillin resistant 
colonies were obtained. DNA mini-preps were made from twelve of these cotonles and dkjested with Sad and 
Hindlll and EcoRI, One of the plasmids showing the correct insert and two EcbRI sites located 5.4 kb apart was 
saved and named pMON378 (Rgs. 13 and 14). 

^ Example 7 

The foUowIng example demonstrates the construction of plasmid pMON380 via an Intermediate plasmid 
pMON379. pM6N380 carries a TGMV-A component in which every major known reading frame has been 
intehrupted. pMON380 is useful as a negative control in free DNA delivery systems as the TGMV-A DNA so 
delivered should be unable to replrcate in transformed plant cells. 

30 

a. Construotion of pMON379 

One Jig of plasmid pMON376 DNA was digested with Oal (2 units) and BamHI (2 units) and treated with the 
large Klenow fragment of DNA polymerase. Following ligation and transformation of E. coll MM294 cells, 
ampicillin resistant colonies were obtained. DNA mini-preps were made from twelve of the cdonies and 
35 digested BamHI which deaves the deletion derivative and with Clal, which does not cut the desired deletion 
derivative, prepared in a dam+ cell like E. co8 MM294. and Hindlll and Sad to kientify the deleted fragment 
which was approximately 1.9 kb in size. One of the plasmids with these characteristics was saved and named 
PMON379 (Fig. 15). 

b. Constnjctton of pMON380 

PlasmkI pMON379 DNA (20 jig) was digested vwth Sad (20 units) and Hindlll (20 units) and the resulting 1 .9 
kb fragment purified using the NA-45 membrane procedure. The fragment (3 ug) was mixed with 1 ^g of 
PMON377 DNA that had been digested with Sad (2 units) and Hindlll (2 units). Fdlowing ligation and 
transfonmation. ampidllin resistant colonies were obtained. DNA mini-preps were made from twelve of these 
colonies analyzed for the presence ot the 1.9 kb Sacl-Hindlll fragment. One of the plasmids showing this 
structure was saved and called pMON380 (Rg. 15). 

Example 8 

The following example demonstrates the construction of various intermediate vectors which provide for the 
SO conversion of pMON378. useful as a vector for free DNA delivery systems, to pMON382. useful as a plant 
plasnud vector for Tt delivery systems. Specifically, the pUC DNA sequences carried on pMON378 were 
replaced with pMONSOS DNA sequences. 

a. Construction of pMON521 

^ Plasmid pMON505 DNA (1 jig) was digested with Xmal (2 units) and treated wrth the large Klenow fragment 
of DNA polymerase. Following Hgatton and transformation of JM101 cells. 80 spectinomycin resistant colonies 
were obtained. DNA mini-preps were made from hvelve of these colonies and digested with Smal to show loss 
of the Smal (Xmal) site. One of the plasmids that had lost the Smal site was saved and called DMON521 
(Fig. 16). 

60 

b. Construction of pMON372 

Plasmid pMON120 (Fraley et al.. 1983) DNA (20 ug) was digested with StuI (20 units) and EcoRI (20 units) 
and mixed wth 1ug of pMON521 that was digested with StuI (2 units) and EcoRI (2 units). FoBowing ligation 
the mixture was digested with 20 units of Smal and used to transform E. coU MM294 cells. Over 400 
^ spectinomydn resistant colonies were obtained. DNA minl-preps were made from tweh^e of these colonies 
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and screened for the absence of an Smal site and loss of the 1 .6 kb NOS-NPTII -NOS fragment by absence of a 
second BamHI site. One of these plasmids showing the correct structure was saved and called pMON372 
(Fig. 16). 

c. Construction of pMON381 

Plasmid pMON377 ONA (20 ^g) was digested with Sad (20 units) and EcoRI (20 units) and the larger 3 5 kb 
fragment purlf red using the NA-45 membrane procedure. Five jig of the purified fragment was then be mixed 
with 1 Mg of pMON372 DNA thai had been cleaved with EcoRI (2 units) and Sad (2 units) and treated with DNA 
ligase. Following transformation of E. colj MM294 cells, about 100 spectinomycin re sistant colonies were 
obtained. DNA mini-preps were made from twelve of these colonies and digested with EcoRI and Sad to show 10 
the presence of the 3.5 kb insert. One of the plasmids carrying the insert was saved and called pMON381 
(Fig. 20). 

d. Construction of pMON382 
Rasmid pMON376 DNA (20 fig) was digested with Hindlll (20 units) and Sad (20 units) and the resultant 2.5 

kb fragment was purified using the NA<45 membrane procedure. Two jig of the fragment was mixed with 
pMON381 DNA (1 jig) that had been cleav^ with two units each of Hindlll and Sad. FoUowIng ligation and 
transformation of E. cofi MM294 cefls, spectinomycin resistant colonies were obtained. DNA mini-preps were 
made from twelve of these cokxjies and digested with Hindlll and Sad to demonstrate the presence of the 2 5 
kb insert. One of the plasmids wHh the insert was saved and called plMON382 (Figs. 17 and 18). 

Example 9 

The following example demonstrates the construction of a vector whfch was employed as a negative control 
In the Tl plasmid delivery system. Specifically. pMON383 carries a T6MV-A DNA which has been deleted in 
portions of the AL1. AL2 and AL3 open reading frame coding informatton. 

a. Construction of pMON363 

Plasmid pMON379 DNA (20 ng) was digested with Hindlll (20 units) and Sad (20 units) and the resultant 1.9 
kb fragment was purified using the NA-45 membrane procedure. Two ^g of the 1.9 kb fragment was mixed with 
one ^g of pMON381 DNA that had been digested with Hindlll (1 unit) and Sad (2 units). FoUowing ligation and 30 
transformation of E. coH MM294 cells, spectinomycin resistant colonies were obtained. DNA mIni-preps were 
made from twe^e of these and digested with Hindlll and Sad to demonstrate the presence of the 1 .9 kb Insert 
One of the plasmkis with the bsert was saved and called pMOI^383 (Fig. 19). 

Example 10 35 

The foltowing example demonstrates the construction of pMOhi417 comprising a Ti plasmid having inserted 
therein a TGMV-A DNA canying a CAT gene in place of its coal protein gene and wherein the TGMV-A DNA is 
flanked by directly repeating DNA segments. 

a. Construction of pMON333 4q 

Two micrograms of pMON550 was digested wHh five units of Bglll. treated with calf alkaline phosphatase, 
and combined with two micrograms of pBH404 whk:h had been digested with ten units of Xholl. After 
treatment with DNA ligase and transformatton into E. coli M^4394 cells, 200 ampidllin resistant were obtained. 
Twelve colonies were screened by restrfctlon analysis and one whfch showed the correct construct was saved 
and designated pMON333 (Fig. 23). 45 
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b. Construction of pM0N414 

Rve micrograms of plasmid pMON333 DNA was digested with 10 units of EcoRI and 10 units of Xholl. 
treated with caff alkaline phosphatase and combined with five mterograms of pMON377 DNA digested with 10 
units each EcoRI and Bglll. treated with DNA ligase and used to transform E. coli MM294 cells. Twelve out of SO 
173 ampicOBn resistant colonies were subjeded to alkaline lysis and screened by restrictton analysis. One 
cdony that showed the correct pattern was saved and designated pMON414 (Fig. 23). 

c. Construction of pMON351 

Two micrograms of pM0N345 DNA was digested with five units of EcoRI. diluted fIve-foW. treated with DNA ^ 
ligase and used to transform E. coli MM294 cells. Mini-prep DNA from 12 of approximately 250 spectinomydn 
resistant colonies was screened for the loss of a 2.8 kb EcoRI fragment. One colony which had k>st the 
fragment was saved and designated pMON351 (Fig. 24). 

d. Construction of pMON416 60 
Five micrograms of pMON414 DNA was digested with 10 units each Hindlll and Asull. mixed with five 

micrograms of pMON344 previously digested with 10 units each Hindlll and Asull; treated with DNA ligase and 
used to transform E. coU MM294 cefls selecting for ampicillin resistance. Twelve out of 300 colonies were 
subjected to alkaline lysis and restriction enzyme analysis. One cotony having the correct restrictton pattern 
was saved and designated pMON416 (Fig. 24). 65 
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e. Construction of pMON417 

Five micrograms of pMON351 DNA was digested with 10 ufMts of EcoRI. treated with calf aOcaDne 
phosphatase and combined in the presence of DNA figase with five micrograms of pMON416 DNA digested 
5 with 10 units of EcoRI. Following ligation, transformation of E. cofi MM294 cells yielded 300 spectlnomycin 
resistance colonies. Twelve of these colonies were screened by restriction enzyme analysis and one of these 
with the correct pattem was saved and was designated pMON4l7 (Figs. 24 and 25). 

Example 11 

10 This example demonstrates the construction of pMON354 comprising a gene able to cause expression of a 
DNA sequence coding for a protein able to confer methotrexate resistance in cells transformed therewith 
flanked by directly repeating DNA segments comprising TGMV-^A DNA sequences or a portion thereof. The 
construction of various Intermediate vectors are also described. 

15 a. Construction of pMONSOO 

Ten micrograms of pMON505 (Fig. 5) DNA was digested to completion with Smal and partially with Ndet and 
a resulting 7.3 kb fragment was jointed to the pBR322 0.9 kb Ndel (nucleotide number, n.. 2297) to Dral 
(n. 3232) fragment. The nucleotide numbers are from the sequence of Sutcliff (1978). Following ligation ar>d 
transformation of competent JM101 cells one plasmid was identified that contained these two fragments 

20 joined together. This plasmid was saved and called pMONSOO (Rg. 26). 

b. Construction of pMON801 

A 3.5 kb Smal (n. 11207) to StuI (n. 14675) fragment of pFiAG containing the octopine synthase gene and 
octopine T-DNA XL right border sequence was inserted into the unique StuI site of pMONSOO. pTiA6 is an 
25 octoplne-type T\ plasmid. Thus, equivalent DNA fragments containing the octopine synthase gene and 
octopine T-DNA TL right boarder can be obtained from such alternative octopine>type Ti plasmlds as pTiB6S3. 
pTiACH5 or pTi15955. The nucleotuie numbers are from the sequence of Barker et al. (1983). Followtng 
transformation of JM101 cells and selection for spectlnomycin resistant transformants. a clone was identified 
that carried that pTiAG fragment in the correct orientation (Fig. 26). This plasmid was called pMONBOI. 

30 

c. Construction of pMON809 

The 1.8kb StuI to Hindlll fragment of pMONSOl which encodes the chimeric NOS-NPTfl'-NOS kanamycin 
resistance gene was replaced with a 1.4 kb Stul-Hindlll fragment carrying a chimeric methotrexate resistance 
gene. This chimeric gene consists of the CaMV 35S promoter from pMON295 (FIG. 12) joined to a 660bp 
35 fragment carrying a mouse di-hydrofolate reductase (dhfr) coding sequence which encodes a methotrexate 
resistant dhfr enzyme. Polyadenylation signals are provided by the NOS 3* non-translated region. The resulting 
plasmid was caUed pMON809 (FIG. 27). 

d. Construction of pMON347 

40 Five micrograms of plasmid pMON809 was digested with Hindlll and treated with calf alkaline phosphatase. 
Five micrograms of plasmid pMON344 DNA was digested with Hindlll and mixed with Hindlll-digested 
pMON809 DNA. treated with DNA tigase and used to transform competent E. coti MM294 cells. Approximately 
130 ampicillin colonies were obtained: 12 of whrch were subjected to alkafine lysis and restriction analysis. One 
of these plasmids which showed the correct structure was saved and designated pMON347 (Rg. 28). 

45 

e. Construction of pMON354 

Five micrograms of pMON347 DNA prepared from E. coD GM48 ^m- cells was digested with 10 units of 
Stiil and mixed with five micrograms of pMON344 DNA digested with 10 units of Smal. After treatment with 
DNA figase, the mixture was used to transtonn MM294 cells. Fifty ampicillin-spectinomycin resistant colonies 
SO were obtained and 12 of these were subjected to alkaline lysis and restriction analysis. One of these which 
showed the correct structure was saved and designated pMON354 (Fig. 28). 

Example 12 

The following example demonstrates the construction of pMON337 comprising a pM0N5C» vector having 
55 Inserted therein at an EcoRI site a complete copy of the TGMV-A component contiguous with a TGMV 
common region. This Example 12 also demonstrates the construction of pMON341 comprising a pMON505 
vector having inserted therein a complete copy of the TGMV-A component contiguous with a TGMV-A DNA 
sequence that does not contain a TGMV common region. The construction of various intermediate vectors are 
also described. 

60 

a. Construction of pMON337 

Five micrograms of pMON351 DNA was digested with 10 units of EcoRI. treated with calf alkaline 
phosphatase and combined in the presence of DNA ligase with five micrograms of pBH404 DNA digested with 
10 units of EcoRI. Following ligation, transformation of E. coli MM294 cells yielded 50 spectinomycin resistant 
^ cotonies. Twelve of these colonies were screened by restriction enzyme analysis and one of these with the 2.6 
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kb TGMV-A EcoRI insert of pBH404 in pMON35i in the same orientation as the TGMV-A sequences oreseni in 
pMON351 was saved and designated pMON337 (FIG. 29). 

b. Construction ot pMON346 

Ten micrograms of pMON505 (Fig. 5) DNA was digested to completion with Hindlll. treated with alkaline 
phosphatase, and Ugated with ten micrograms o» pMON344 DNA digested with Hindlll. Transformation of 
competent Mt)C94 cells yielded 50 spectinomycin resistant colonies. Twelve of these colonies were screened 
by restnction enzyme analysis and one of these wtth the 2.6 kb TGMV-A Hindlll insert of pMON344 m dMONSOB 
was saved and designated pMON346. t^nvrava 

c. Construction of pMON336 

Ten micrograms of pMON346 DNA was digested to completion with EcoRI. Ugation of this DNA and 
transformation Into competent MM294 ceHs yielded 50 spectinomycin resistant cokmies Tweh^e of these 
colonies were screened by restriction analysis and one of these which had lost a 1.4 kb EcoRI fraament was 
saved and called pll«ON336 (Fig. 30). iragmeni was 

d. Construction of pMON341 

Ten mfcrograms of pMON33G was digested with EcoRI. treated with alkaNne phosphatase, and combined in 
he presence of DNA ligase with five mk:rograms of pBH404 DNA digested with 10 units Of EcoRI Foltowino 
ligation, transformatfon of E, coli MM294 cells yiekted 50 spectinomycin resistant cotonies. Twelve of these 
•^^21!?^'* ^ restriction enzyme analysis and one of these with the Z6 kb TGMV-A EcoRI Insert 

I'^rTtXS^T " '"^ ^'^^"^ "'^^"^ PMON336) w^ saved 

Example 13 

The following example demonstrates the creation and selectton of plant cells transformed with various 
geminivinjs vectors of the present invention. This example further demonstrates the repGcation and 



a. Transformation of Petunia Cells 

Leaf discs with diameters of 6mm (1/4 inch) were taken from surface-sterilized petunia (Petunia hybridal 
leaves. They were cultivated on MS104 agar medium for 2 days to promote partial cell wal lformatten at the 
"^J^Jl"^:^ «*«™»f9«l a cutufe of A. tumetaciens cells containing the disarmed 

priB6S3-SE and either pMON305. pMON337. pMON341. pMON352. pMON354. pMON382 or pMON383 whfch 
had been grown overnight in Luria broth at 28°C. and shaken gently. The discs were removed from the 
bactenal suspensron. blotted dry. and incubated upside down on MS104 agar medium. After 2 or 3 days the 
d^s were transferred to selection media containing MS104 medium with 500 pg per ml carbenteillin and either 
300 pg per ml kanamycm for the pMON305. pMON337. pMON341 . pMON352. pMON382 and pMON383 treated 
discs or 450 tig/l methotrexate for the pMON354 treated discs. Cefatoxine. 500 iig/ml, was added to the 
medium used to select for discs transformed with pMON352 or pMON354. 

b. Transformation of Tobacco Cells 

Leaf segments were excised from tobacco plants (Nicotiana benthamiana ). and treated as described above 
for petunia cellsj«m A. tumefaciens ceOs containing pMONaOO. pMON305. pMON308. pMON309 and helper 
S^UsSir^ substantial amounts of kanamycin resistant 

c. DNA Analysis 

^WONA was iMiated from leaf discs by the method of Dellaporta (1983) 4-10 days after transfer to 
setectton medium Six discs were used, for a total of 0.5 gm of tissue. This uncut DNA was prepared in 
T"^^!^^ the southern Wot hybrkfeatwn procedure previously described. The Mp-labeled probe used 
de^ribeT'"^ '""^ ^ ^^-^ ~^P<»"ent. 

d. Results 

The Southern blot analysis of leaf discs treated with A. tumefaciens containmg pMON3S2 revealed a band at 
a position predicted for a freely replicating, ds supercoiled DNA molecule of approximately 7 0 kikjbases (kbi 

.K^T kP f ^'^^ A. tumefaciens containing pMON^ll 

l^c^H ntT ^^l^^f "^"^^'^ a band at a position predfcted foT a freely repiicating. ds supercoS 
SSTSTJu'Sf aSl a ^S?'"'^*^ •* «=«^P"'-9 « ^GMV-A component, an anjteillin re'sist^e 
genejiwn pUCIS and a DNA sequence comprising the CaMV 35S promoter and DHFR-NOS coding 

Southern btot analysis of DNA obtained from leaf discs treated with A. tumefaciens containing pMON382 
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revealed a band at a position predicted for a freely replicating, ds supercoiled DNAs of approxtmatefy 4.6 kb 
and comprising TGMV-A DNA sequences, a NOS-NPTU'-NOS gene and a CaMV 35S-CAT gene. The 46 kb 
band was also detected by a probes specific for CAT or NOS-NPTII -NOS DNA sequences. Furthermore 
Southern btot analysis of Bglll or BamHI digested DNA obtained from leaf discs treated with A. tumefaciens 
5 containing pMON382 revealed ds Rnear TGMV-A containing fragments of approximately 4.6 kb for Bglll treated 
DNA and of approximately 2.8 kb and 1.8 kb for BamHI digested DNA as predicted for a freely replicatinq plant 
plasmid DNA derived from the pMON382 vector. 

Southern blot analysis of DNA obtained from leaf discs treated with A. tumefaciens containing pMON337 or 
pMON341 revealed bands that comigrated with freely repficatlng. ds "supercoiled* and ss TGMV-A DNAs from 
10 TQMV infected plants. 

The foregoing results clearly demonstrate the ability of geminivirus-containing vectors to replicate and 
express heterologous DNA sequences in plant cells. The results further demonstrate that these heterologous 
DNA sequences can be as large or larger (e.g. 4.3 kb) than the geminMrus genomk; DNA sequences replaced 
thereby and that replication and/or expresskm of heterologous DNA sequences in plant cells can occur as 
15 part of a freely {e.g. autonomously) replicating geminivirus-containing plasmid DNA molecule. Additionally, 
these results demonstrate the ability of geminivirus DNA, in particular TGMV-A DNA. to release itself from 
chromosomal and/or T-DNA sequences to fonn autonomously replicating DNA molecules while still retaining 
heterologous DNA sequences inserted therein. Also, demonstrated is that interruption and/or detetfon of 
geminivirus coal protein gene sequences does not interfere with the abiniy of geminivirus coat 
20 protein-encoding DNA molecules (e.g. TGMV-A DNA) to replicate autonomously in plant cells transformed 
therewith. 

In all of the foregoing examples which demonstrate heterologous DNA sequence replication in plants in the 
form of an autonomously replicating plasmid DNA molecule, the heterologous DNA sequences were flanked 
by directly repeating DNA sequences. In these particular preferred embodiments, the directly repeating DNA 

25 sequences comprised geminiviais DNA sequences (e.g. TGMV-A DNA) or a portion therefore. As shown by 
the successful formation of autonomously replicating TGMV-A DNA molecules derived from pMON341. the 
presence of geminivirus (e.g. TGMV) common regions in the directly repeating DNA sequences is not 
essential for plasmid formation. It is therefore anticipated that DNA sequences flanking a geminivirus coat 
protein-encoding DNA (e.g. TGMV-A DNA) having inserted therein a heterologous DNA sequence can 

30 comprise any directly repeating DNA sequence of sufficient length and homology to promote release of 
autonomously replicating plasmid DNAs from chromosomal and/or vector DNA molecules detectable by the 
methods described herein. It is further anticipated that variants of these vector molecules and resultant 
plasmid DNA molecules produced therefrom can be constructed and are considered to be equivalents of the 
embodiments described herein. 

35 

Example 14 

The following example demonstrates the mobility of a geminivirus vector of the present invention in 
transformed plants and the ability of such mobile vectors to replicate and express a heterologous DNA 
sequence in plant cell tissue distinct from the site of inoculation. Specifically, pMON417 comprising TGMV-A 
^ DNA having inserted therein a CAT gene was employed to inoculate decapitated plants previousN transformed 
with TGMV-B DNA. 

Both wildtype Nicotlana benthamiana plants and ones containing tandem integrated copies of the TGMV-B 
components (B plants) prepared as described in Example 1. above, were grown in soil until several leaves 
were present (2-4 weeks). At this stage the upper half of each plant was removed by cutting the stem with a 

45 razor blade leaving 2-3 leaves remaining. Immediately after cutting. Agrobacterium containing pMON417 
(grown on nutrient plates) was spread on the top of the freshly wounded stem of each plant using a sterile 
toothprck. Leaf tissue was taken from both the wildtype and B plants for DNA analysis and assay of CAT 
activity when chlorotic spots became present on the newly emerged leaves of the innoculated B plants (2-4 
weeks). Leaves of stem inoculated wfldtype plants remained normal in appearance for several weeks until they 

^ were discarded. 

Total DNA was isolated from leaf tissue using the technique described by Dellaporta et al. (1983). This uncut 
DNA was then electrophoresed on O.BO/o (w/v) agarose gel. blotted onto nitroceflulose. and hybridized to a 
probe specific for the TGMV-A component in accordance with the Southern blot procedure previously 
described. Hybridization to bands associated with autonomously replicating TGMV-A components of both ds 

55 and ss fomis was observed in DNA from leaves of the stem inoculated B plants. No hybridization was observed 
in DNA from leaves of stem inoculated wildtype plants. This results demonstrates the ability of the TGMV-A 
component containing a foreign gene (e.g. CAT) to replicate autonomously and move from ceD to cell in plants 
containing integrated copies of the B component. 
Furthermore, in addition to providing for autonomous replication and movement of heterologous DNA 

^ sequences In plants, the vectors of the present invention were demonstrated to provide for expression of 
heterologous DNA sequences in plants. Specifically, leaf tissue of the same age as used above from both 
wildtype and B plants stem inoculated with Agrobacte rium containing pMON417 were assayed for CAT activity 
according to the method described previously. A low level of CAT activity was detected in the leaves of stem 
inoculated wildtype plants while significantly higher levels (e.g. about 10-30 fold) were detected in the leaves of 

^ stem inoculated B plants. The low levels of CAT acUvity detected in leaves from stem inoculated wlWtype 
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plants may arise from endogenous CAT activity in wildtype plant ceils or arise from secondary contamination 
by Agrobactenum containing pMON417 and. therefore, reflect either endogenous CAT activity in the 
Agrobacterium or production of CAT by chromosomally integrated copies of the CAT gene. The presence of 
plasmid DNA forms comprising TGMV-A DNA having inserted therein a CAT gene in the leaves from the 
inoculated B plants coupled with the significantly higher CAT activity found in these leaves however 
demonstrates that only the inoculated B plants are expressing the CAT gene carried in plasmid DNA 
molecules. These results are significant as they indicate that the geminivirus vectors of the present invention 
are capable of both repftcating and expressing heterologous DMA sequences contained therein from 
autonomously replicating (e.g. plasmid) DNA molecules, that the generation of these plasmid DNA molecules 
provides for the amplification of gene-specific product production in plants transformed with these novel 
vectors, that the TGMV coat protein promoter is able to cause expression of heterologous DNA sequences in 
plants and that the presence of both the TGh4V-A and TGMV-B components is required for systemic 
movement of the plasmid DNA molecules resulting from transformation of plants with the vectors of the 
present invention. 
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Claims 

1. A plant plasmid comprising a heterologous DNA sequence and a segment of a coat protein-encoding 
60 geminivirus DNA which permits autonomous replication of the plant plasmid in a plant cell. 

2. The plant plasmid of Claim 1 in which the segment of a coat protein-encoding geminivirus DNA is 
derived from a binary geminivirus. 

3- The plant plasmid of Claim 2 in which the binary geminivirus is TGMV. 
4. The plant plasmkJ of Claim 2 in which the binary geminivirus DNA contains a geminivirus coal protein 
65 gene. 
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the plant vector or plant chromosomal DNA. 

33. A vector of aaim 32 which is pMON382. 

34. A vector of Claim 32 which is pMON378. 

35. A vector of Claim 32 which is pMON417. 

36. A method for producing a desired polypeptide In a plant cell comprising the steps of: 

(a) transforming a plant ceil with a vector which produces a plasmtd DNA in a plant cell wherein the 
vector comprises: 

(i) a segment of a geminivirus coat protein-encoding DNA which penmits autonomous replication of 
the plasmid DNA in a plant cell; and 

(ii) an expression cassette having inserted therein a DNA sequence coding for the desired 
polypeptides; and 

(b) culturing the transformed plant cell under conditions which allow expression of the 
heterologous DNA sequence. 

37. A method for producing a desired polypeptide in a plant cell comprising the steps of: 

(a) transforming a plant cell with a vector which produces a plasmid DNA in a plant cell wherein the 
vector comprises a first DNA segment containing a segment of a coat protein-encoding geminivirus 
DNA which segment permits autonomous replication of the plasmid DNA in a plant cell and a 
heterologous DNA sequence comprising a gene encoding the desired polypeptide, and in which the 
first DNA segment is flanked by a second DNA segment which permits release of a plant plasmtd 
from the vector; and 

(b) cuftunng the transformed plant cell under conditions which allow expression of the 
heterologous DNA sequence. 

38. The method of Claim 36 of 37 further comprising the step of recovering the desired potypeptide from 
the transformed plant cell. 

39. The method of Claim 37 in which the second DNA segment contains a directly repeating DNA 
sequence derived from the coat protein-encoding geminivirus DNA segment. 

40. The method of Claim 37 wherein the second DNA segment contains a directly repeating DNA 
sequence derived from the heterologous DNA sequence. 

41. The method of Claim 36 or 37 in which the heterologous DNA further comprises a DNA sequence 
coding for a selectable marker. 

42. The method of Claim 36 or 37 in which the segment of a geminMrus DNA is derived from a binary 
geminivirus. 

43. The method of Claim 36 or 37 in which the segment of a geminivirus DNA is derived from a single 
genome geminivirus. 

44. The method of Claim 36 or 37 in which the segment of a coat protein-encoding geminivirus DNA is 
derived from TGMV. 

45. The method of Claim 36 or 37 in whrch the segment of a geminivirus coat protetn-encoding DNA is an 
entire TGMV-A DNA excluding the DNA sequence coding for the TGMV coat protein. 

46- The method of Claim 36 or 37 in which the desired polypeptide is selected from a group consisting of 
neomycin phosphotransferase, chloramphenicol acetyl transferase, tissue plasminogen activator, atrial 
peptide, growth hormone, insulin-like growth factor. EPSP synthase, dihydrofolate reductase and viral 
antigens 

47. The method of Claim 36 or 37 in which the vector further comprises a DNA sequence coding for a 
selectable marker. 

46. A method for producing genetically transformed plants able to produce a desired polypeptide in 
enhanced amounts, comprising the steps of: 

(a) inserting into the genome of a plant cell a plasmid DNA comprising: 

(i) a segment of a coat protein-encoding geminivirus DNA which segment permits autorK)mous 
replication of the plasmid DNA in a plant cell; and 

(fl) a heterologous DNA sequence comprising a gene encoding desired polypeptide; 

(b) obtaining transformed plant cells; and 

(c) regenerating from the transfonned plant cells genetically transformed plants able to produce 
the desired polypeptide in enhanced amounts. 

49. The method of Claim 48 in which the plasmid DNA is inserted into the plant cell by the method of 
Claim 36 or 37. 

50. The method of Claim 48 which does not cause geminivirus disease symptoms in the genetically 
transformed plants. 

51. The method of Claim 48 in which the desired polypeptide is selected from a group consisting of 
chloramphenicol acetyl transferase, tissue plasminogen activator, atrial peptide, grov^ tiormone, 
tnsutin-like growth factor. EPSP, synthase, dihydrofolate reductase and viral antigens. 

52. The method of Claim 48 in whteh the segment of a coat protein-encoding geminivirus DNA is derived 
from a binary geminivirus. 

53. The method of Qaim 52 in which the binary geminivirus is TGMV. 

54. The method of Claim 48 in which the segment of a coat protein-encoding geminivirus DNA is an entire 
TGMV-A DNA excluding the DNA sequence coding for the TGMV coat protein. 
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55. The method of Claim 48 in )Mch the segment of a coat protein-encoding geminivirus DNA is derived 
from a single genonDo geminivirus. 
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